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PREFACE 


The object of the Editors in presenting tins text-book is to provide vdtliin 
reasonable limits a comprehensive survey of the present position of X-ray 
diagnosis. Diagnostic radiology is becoming an increasingly complex specialty, 
and it is difficult for one person to be equaUj'^ expert in aU its branches. The 
editors are fortunate therefore in hfiving the help of collaborators, both radio- 
logical and clinical, who are distinguished in particular branches of the subject. 
It is hoped that this has made the work the more authoritative, and that it 
will be of value not only to the post-graduate student of radiology, but also 
to the chnician. In conformity Avdth this design only essential details of 
technique are included, and the subject of X-ray physics is not dealt with. 

For convenience of reference, the work is pubhshed in three volumes, each 
containing as far as possible subjects of allied interest. Thus Vol. I deals 
mainty with the thorax, Vol. II \vith the abdomen, and Vol. Ill with the 
skeletal and nervous systems. 

It is not possible, even within the generous limits allowed by the pubHshers, 
to illustrate every condition demonstrable by radiology, but the illustrations 
chosen are, it is hoped, representative, and give due emphasis to the common 
le-sions met -vvith in radiolo^cal practice. Considerable interchange of material 
for illustrations has taken place between the various contributors to the book, 
and the Editors are greatly indebted for the loan of illustrations from other 
colleagues, 'detailed acknowledgments of which wiU be found at the beginning 
of each volume. They are also grateful to Mr. Boutall, of Messrs. Vaus & 
Crampton, for the care and attention he has given to the preparation of the 
blocks, and to Messrs. HazeU, Watson & Viney for their careful work with 
their printing. 

Finally, the Editors desire to express their sincere thanks to the pubhshers, 
and in particular Mr. H. L. Jackson and Mr. F. Boothby, for their co-operation 
and advice, udthout which this book could not have come into being. 


Febntary 1938. 
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PART ONE 

CARDIO-VASCULAR SYSTEM 

BY 

PETER KERLEY, M.D., E.R.aP., F.E.R., D.M.R.E. 



A TEXT-BOOK OF X-RAY DIAGNOSIS 


PART ONE 

CARDIO-VASCULAR SYSTE^il 

CHAPTER I 

X-RAY exa:viinatiox of the heart 

X-EAr EXA^DLS'ATroK of the heart and gi'eat vessels has not materially altered 
clinical and pathological -methods of investigation. It is impossible by 
radiology of the cardio-vascular s3’’stem to arrive at a decisive diagnosis com- 
parable, .^ay, -H-ith the X-raj’’ diagnosis of gastric ulcer or phthisis. Cardiac 
radiology is not and never can be a short cut to diagnosis, and X-ray findings 
are of value onlv when correlated ndth clinical findings. 

The intrinsic movements of the heart and the alterations produced on it 
by adjacent moving organs, the lungs and the diaphragm, are a serious obstacle 
to detailed investigation of its function by X-rays. Cardiac cinematography 
and Rontgen kj^mography, although partly overcoming this obstacle, have 
not yet contributed materially to the investigation of heart disease. The 
methods of X-ray examination in common use are fluoroscopj’, orthodiagraphy, 
and teleradiography. 

FLUOROSCOPY 

Screen examination is of the greatest importance. It gives to the observer 
an immediate knowledge of the relationship of the heart to the neighbouring 
inti-athoraeic organs. He can see at a glance whether the shape or j)osition 
'of the heart is altered by such extrinsic factors as scoliosis or fibrosis of the 
lungs. He has a clear view of the apex of the heart through the gas bubble in 
the stomach, and if necessary he artificially increases the size of the gas bubble 
bj?^ giring the patient an effervescent mixture to drink. Under the screen the 
patient can be slowly rotated into the most suitable positions for examining 
the various chambers, and in many cases valuable information can be obtained 
by watclung the passage of a barium bolus through the oesophagi^:. The 
disadvantages of fluoroscopy are that there is no permanent record of the 
appearances and that fine changes in the pulmonary vessels cannot be detected, , 
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ORTHODIAGRAPHY 

This is a method of estimating the radiological nizo of the heart. The 
central ray, i.e. that originating from tlie centre of the target, docs not diverge. 
It follows that if this ray alone can he employed, fallacies due to divergence of 
the radiation can be eliminatwh An instrument known as an orthodiagraph 
has been devised for this purpose. In the orthodiagrapli the X-ray tube is 
entirely independent of the screen, and the tube can be moved freely upwards, 
downwards, and laterally. A fine diaphragm is fitted, and this is contracted 
so that only the central ray gets through. The patient is placed behind the 
screen, which is pressed tightly against his chest, and wlien the tube is activated 
the central ray appears as a tiny beam of fluorescence through the air-contain- 
ing lung. Tins tiny beam is carefully moved around the cardiac silhouette, 
and at selected points the outimo is marked on the screen with a grease pencil. 
The largest possible silhouette is drawn, i.e. ventricular dia.stole for the heart 
area, and ventricular systole for the vascular area. During the e.xamination 
the patient breatlies as quietly as possible. Tlie diawing of the diaphragm is 
made so far as possible during the time of respirator)’ pause. The final drawing 
is traced from the screen on to transparent paper which serves ns a permanent 
record. Measurements of the heart shadow made with an orthodiagraph are 
more accurate than those made on n telerndiograph. On the other hand, in 
any fluoroscopic e.xammation the personal factor is of great importance, and 
m the same subject two independent observers may record wdely different 
measurements. 


TELERADIOGRAPHY 

The greater the distance between the source of the radiation and the object 
radiographed, the less the distortion due to divergence of the rays. At 2 
metres distance the radiographic size of the heart is about 1 cm. greater in 
width than the orthodiagrammatic measurement. At 3-5 metres distance the 
measurements on the film are equal to tho'5e made ivith an orthodiagraph. 
The teleradiogram has, of course, the great advantage that it provides a better 
record of the heart in relation to neighbouring organs than the orthodiagram. 
It also allows of detailed study of tJie pulmonary vessels, and the personal 
equation does not enter to the same degree that it does with orthodiagraphy. 
Jt5 disadvantages are (a) expense and the hrge amowt of apace taken up by 
high-powered apparatus, and (6) the difficulty of reproducing all factors 
exactly at different intervals. These latter disadvantages are being orerconw 
by modem methods of construction. 
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close the tube current by the pulse at the A^Tist or by the heart sounds. 
Using these deAuces, it is possible to determine in Avhich phase of the cardiac 
cycle the radiogram has been made, but for all practical purposes a radiogram 
can be made AAdthout these devices if the exposure is made at the end of 
expiration. To ensure good detail in the obhque and lateral vieAA's it is often 
necessary to take pictures hi full insphation, but so far as possible this should 
be aAmided. Xo fixed angle can be giA’^en for the obhque AueAA's, and in every 
case the patient must be screened into the correct position. 

CINERADIOGRAPHY 

This branch of radiogi’aphy has made remarkable progress in recent years. 
In tins country Russell Reynolds has perfected a shnple apparatus Avhereby the 
screen image is photogi’aphed. There is no doubt Irut that cineradiography 
has a gi’eat future in cardiology, but at the present time it suffers from tAV'o 
disadA^antages : (a) the time factor is too sIoav, i.e. the number of irictures 
taken per second is too small and bears no relation to the cardiac frequency ; 
(b) the pictures are taken at a short distance. 

KYMOGRAPHY 

This method has come to the fore recently and gives a graphic registration 
of a continuous movement. The method yas first suggested by Rabat of 
kloscoAV, AA'as later improved by Knox of London, and has recently been per- 
fected by Shcmpf and Gignolini. The X-ray kjmrograph consists of a metal grid 
AA’ith a roAA' of transAarse slits of equal AAudth and equidistant from each other. 
The grid is placed betAveen the patient and the film cassette, and during the 
exposure eitlier the grid or the cassette is moAad at right angles to the slits in 
the grid. Using the moAung-grid multiple-slit method , the kymographic pictmre 
of the heart is similar to that of the still-heart shadoAA^ but the outlines of the 
shadoAA" have a serrated outline instead of the normal smooth contour. This 
type of kymogram is read from aboA’^e doA\m. Using the fixed-grid and the 
moAung-cassette method, the outline of the shadoAA* is broken, and eacb section 
represents the moA^ements of one point in the beating heart. This t;vT® of 
kymogram is read fi’om beloAv uj)Avards and giA^'es an accurate picture of time 
relationship betAA-een the A'arious sections of the heart. The k3’’mograph has 
proA^ed useful in demonstrating pericardial adhesions at the base and in ditfer- 
entiatmg betAA^een acquired ajid transmitted pulsation. The kymograph has 
not so far been A^ery extensively used in cardiologj’’ and so its full value cannot 
be estimated. 



CILYPTER II 

THE NORMAL CARDIO-VASCULAR SHADOW 
NORMAL CONTOURS 

In the Postero-anterior View tl>e nonnal oanlio-vasPiilnr bha(lo^\ i-i of tiireo 
types — the long or narrow;, the oblique or globular, and tJie transverse. The 
t of 8liacloA\ IS largely dependent on the slmpe of tlie chest — in a long narrow 
chest the sliadow is usually of the narrow t3'pi', and in n short broad cJiest the 
shadow IS usually of the globular or traiisvoree type. In young infants the 
heart is always of the transverse tjqie, ami gradualh’ niters in bliai>c over a 
period of years ; firat tending to become narrow, later widening a little, and 
not definitely reaching its adult Upo until after jmljerty, 

The Right Border or Tiir. CARDio-VAScci-vn Shadow consists of two 
distinct shadows separated by n clear-cut notch. The lower and denser of 
these shadows is the outline of the right auricle. Recent work with the X-ray 
kj’inograph shows ventricular serrations on the lower border of this shadow, and 
it has been suggested that tlie right ventricle does project out into the right 
carclio'phrenic angle. Tins view is not generally’ accepted, and it is nwumed 
that these ventricular serrations are transmitted from the right ventricle. 

The upper sliadow on the right side consists in its lower part of the superior 
vena cava and the ascending aorta. The aorta rapidly turns into the central 
shadow while the border of the superior vena cava can bo clearly followed 
almost as far as the clavicle. The innomiiiato vein probably plays some part 
in the formation of this upper slmdow. In the nonnal adult chest the ascend- 
mg aorta does not project outwards over the shadow of the superior vena cava. 

The Left Cardio-vaschIiAR Shadow consists of three and sometimes four 
distinct parts. The lowest and largest of these is formed by the left ventricle. 
Above this a slight projection is sometimes seen, more often on the screen than 
on the film. This projection is formed by the appendage of the left auricle. 
The shadow now recedes inwards to form a flat rather convex area formed by 
the conus pulmonalis and the pulmonary arterj'. Finally we have the dense 
aortic knuckle formed by the aortic arch seen obliquely. 

The ^^oR.^un Descesding Thoracic Aorta is of two types. In on© its 
wliole course is in front of the vertebra?, ami it is tliereforc invisible. In the 
second type it runs slightly to the left of tlie spine and can be seen as a straight 
line ruiming downwards, parallel to the spine. The normal aorta increases 
slightly in size and position with age. In elderly people the whole of the j 
thoracic aorta tends to swing round to the left and unfold. Thus we fi“'’ ' 

6 
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old age the ascending part of the aorta juttuig out on the right side, the aortic 
knob higher and more to the left, and the descending aorta seen as a convex 
shadow well to the left of the middle Ihie and clearly visible tlirough the 
normal heart shadow. 

The right main branch of the puhnonary artery projects outAvards just 
above the notch dividing the Wo main shadows of the right auricle and the 
superior vena cava. The left main branch of the pulmonary artery is shorter 
and always higher than the right. The pericardium is normallj’- never vi,sible. 



Fig. 1. — !Komial heart of a boy aged 14. Radiogram at 2 metres. Note the position of the 
normal apex through the gas-distended stomach. 


In the left cardio-pluenic angle there is a small triangular opacity formed by 
a pad of fatty tissue at the pleiuo-x>ericardial reflection. In the-right edrdio- 
phrenic angle the inferior vena cava is often seen as a fine triangular opacity', but 
on tliis side also some fatty’^ tissue may be.present and cast an appreciable shadoAv; 

In all radiological examinations of the heart oblique views are essential. 
These oblique views often give, more decisive evidence than the postero- 
anterior vieAV, hence they’- should be taiken with great care. The popular idea 
that oblique views can.be taken by rotating the patient 45 degrees to either 
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side is fallacious. The tlegrce of rotation required varies with each case and 
can be estimated only by first screening the patient into the correct position. 

The First ot Right Oblique View is obtained by rotating the patient to the 
left so that his right shoulder is toueliing the screen. If the vascular shadow 
is the part required in most detail, the jiatient is tunied until the pulmonary 
artery is seen end-on and the inferior contour of the wliole aortic arch becomes 
visible. If the left auricle is to be studied, the i)ationt is rotated until tliere is 
a translucent space visible between the posterior part of the heart shadow and 
the spine This clear space is often referred to ns Holzkneclit's space. It is 
encroached on and often obliterated by cnla^cment of the left nunele or 
general enlargement of tJie heart. 

In this first oblique view the heart is seen as a pear-shaped ojjacity (‘=co 
Fig. 2) The anterior contours from below upunrd.s rciirescnt tho following 
structures 1, the left ventricle ; 2, the conus pulmonalia •, 3, the division of 
the pulmonarj- artery ; 4, the anterior liorder of the ascending aorta ; 5, the 
left subclavian artei^’, the shadow of which can be seen rising over the apex of 
the lung The potlerior contours from below upwards are as follows : 1, the 
inferior vena cava , 2, the edge of the left auncle ; 3, behind I and 2, the 
anterior edge of the descending thoracic aorta ; 4, the left main bronchus ; 
fi, the descending part of the arch ; and 6, the superior vena cava. The 
trachea js clearly visible running downwards over the shndou of tho aortic arch. 

The Second oc Left Oblique View is taken by rotating the patient to tho 
right side so that the left shoulder is touching tlie screen. Again the degree 
of rotation vanes according to whether the aorta or the ventricles are to bo 
studied (sec Fig. 3) 

In this position the anterior conlcmrs from below upwards are as follows: 
1, the edge of the nght \'entriclo ; 2. tho appendage of the right auricle; 
3, tlie ascending part of the aorta ; 4, the superior vena cava and the innomi- 
nate vein Posterior tq 4 is the trachea. The posterior ronfours from below 
upwards are • 1. the left ventricle ; and 2, a .small part of tho left auricle. 
Posterior to 1 and 2 the anterior part of the descending thoracic aorta is 
visible. Above 1 and 2 there is a wide translucent space whose upper border 
IS formed by the inferior margin of the aortic arch. This space is known as 
the aortic wuidow, and the left main branch of the pulmonarj’ artery can be 
seen runmng across the middle of it. Above the aortic arcli there is another 
small translucent space known as the aortic triangle. This triangle has as its 
base the toji of the aortic arch ; its anterior side is formed by the shadow of 
the left subclavian artery, and its postenor side by the spine. Tlie apex of 
the triangle is at the level of or just above the clavicle, where the left sub- 
clavian artery is rwnning across the apex of the lung and in tliis view appears 
to cut across the spine. 

The Position of the (Esophagus relative to the carclio-vascular structures 
should be studied carefully. The nonnal msophagus in its course through the 



chest- is; hr contact’ iiith' thh'hortic the-left main broueinis. the left 
ahricTe, arid the, clesceridingi-lmra'cic :aorfei. ' l-liese structures produce visible 
'imi)ressions.on;tlie msophaghs’e i‘Th,6 anatomv iias been- elaborated 

in '^reat detail hy.;EvqnSf hhb has recently publishecl an exconent monograph 
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chest is ill close contact Anth the aortic arch, the left main bronchus;' the left 
auricle, and the descending thoracic aorta. These structures prod iice Ansible 
impressions on the cesoj)hagus. The radiological anatomy has. been elaborated 
in great detail by Evans, Avho has recently published an excellent moiidgrapli 
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l^iG. 2. — ^The first oblique view. ' 

on the subject. From above doAvnwards the oesophageal impressions are a^ 
follows ; (1) The aortic arch produces the deepest imj)reBsion8 on the ( ' ' 
phagus. This impression is best seen in the postero-anterior and fh’st obi’ 
\news, and in the former vicAV use is made of it to measure the Avidth c’ 
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aorta. (2) The left main bronchus procluccs a slight impression on tlie 
ccsopliagus. (3) Tlie nomial left miricic, especially in young cliiUlrcn, produces 
an obvious impression. This impression is greater in expiration than in 
inspiration. In individuals with a long narrow ehest and heart, this impression 


yiu 3 — Tbe second oblique view 

may be completely absent. (4) Jnst above the diaphragm the cesophagus 
crosses in front of the descending aorta, which makes a slight indentation or 
the oasophagvLs. In the postero-anterior and first oblique views these norma! 
impressions are all concave to the left. 



joL below tlie left diajiliragmatic shadow — aui* 
>1 CO join the notch separating flie ~right anricular and ^ 
>vs . This line is IcnoAvn as LD, f7ie long or obliqtie diameter 
±e average length of LD in the adult male is 13-6 cm., and it 
onnal betAA'een 1 1 and IS-o cm. 

, verse diameter of the heart is obtamed by selecting the two videst 
each border and joining them at right angles to the central per- 
r hue. The sum of 
/o distawces is the traws- 
/ diameter. It a r i e s 

/en 9-2 and ]4*5 cm. in the 
/t male. - and the average 
f isru’ement is 12-2 cm. 

The broad diameter of the 
art BD is obtained by joining 
e lovlraiost point of the right 
rdio-phrenic a'ligle and the 
)permost point of the left 
mtiicular shadow at right 
igles to the central perpen- 
cular line. 

The sum of these two dis- 
nces is the broad diameter, 
i the normal adult male the 
rerage measurement of BD is 
8 cm., and it varies betAveen 8 
d 11-2 cm. 

The heart lung coefficient is the ratio betAvcen TD, the transA’erse diameter 
the heart, and a line draAvir across the AAidest diameter of the chest. Tliis 
io is as 1 is to 2 in the irormal adult male. 

The aniero-posterior diameter or horizontal depth of the heart is measured 
the true lateral position. It is obtained by dxaAAmrg a line from the point 
ere the anterior borders of the heart and sternum jneet to the x’oint of 
ximum conA’'exity on the posterior surface of the heart. The average 
^ isurements of this diameter for the adult male are 9-4 cm., and for the 
It female 8-3 cm. 

The lateral diagonal diameter is more difficult to estimate. Tliis mea..i 



Tig. 4 — Cardiac measurements m the posteio- 
antciioL vieu. 
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niejit is also made in the true lateral view, and constitutes the distance between 
a point taken from tlie apex of the angle formed by the sternum and the 
diaphragm and a point taken l>etween tJie two shadows of the pulmonary 
artery and the pulmonary veins. 

Various workers have attempteil to estimate (he xolume of the heart by 
multiplying the following three diametcra TD and LD in the postero-anterior 

view, and T in the lateral 



view. 7?oe«/cr 1ms done some 
remarkably detailed work on 
volumetric nnaly.sis tins 
should be studied in the 
original. sugges- 

tion that the area of the 
canliac silhouette is tlie size 
of the closed fist is sur- 
prisingly nccurnte and most 
useful for practical pur- 
poses. 

The width of (he aorta is 
measured by filling the oeso- 
phagus w ith barium and esti- 
mating the distance betueen 
the uidest point on the 
aortic knob and tlie point of 
greatest deviation of the 
resophagus by the normal 
aorta. 

Two mm. is deducted 
fiom this figure to allow for 
the thickness of the cesopha- 
geal u nil betw een the barium 
and the aorta In the 
normal adult male the width 
of the aorta so ineasuretl 


IS 2-5 cm., and it vanes 
between 2 and 2-5 cm In. fdiB case. qC wj. u.v.feWftd. ?e,v.v.*A *,}u& uica.'y.vce- 

raent will obviously be greater, but this difficulty can be overcome by 
rotating the patient slightly until the aortic axis la back to its pro-unfolded 
position. 

It must be emphasised that ineasorcments of the radiological heart shadow 
are in no sense measurements of the real size of the heart. The nieasurenients 
have proved of most value in ^timating alterations in size of the heart shadow 
due to phjTsiological or toxic causes. 
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THE NORMAL CARDIAC PULSATION 

Tlie pulsation of the heart as seen on the screen is of considerable value, 
and may give decisive evidence in diagnosis. Normally the pulsations on the 
left border are much more vigorous than on the right. The most obvious pulsa- 
tion is noticed on the left border of the left ventricle. During systole the left 
border is Seen to contraet forcibly, and during diastole it moves outwards. 
The range of excursion in the average normal varies from 2 to 4 mm. Im- 
mediately following the left ventricular contraction the shadows of the pul- 
monary artery and the aortic Icnob bulge forciblj^ outwards. If the eye is, so to 
speak, centred between the left ventricular border and the aortic knuckle, a see- 
saw movement is observed, the Imuckle coming out as the ventricle goes in. 

It is usually impossible to see any pulsation over the small area of the left 
border formed by the left auricular appendage ; if, however, the aiuicular- 
ventricular interval is prolonged, a slight contraction of the appendage may 
be seen preceding the contraction of the left ventricle. 

On the right side the lower border formed bj'’ the right -auricle shows a faint 
auricular contraction, the range of excursion being no more than 1 mm. In 
cases of hj^pertrophy of the right ventricle, however, forcible ventricular 
pulsation may be transmitted to this right border. Although the true edge of 
the right vascular shadow is formed by the superior vena cava, it usually 
shows in its lower part a ^’igorous aortic pulsation which is transmitted to the 
superior vena cava by the ascending part of the aorta. 

Pulsation is greater in children than in adults, and is mcreased by exercise. 

PHYSIOLOGICAL FACTORS INFLUENCING THE SHAPE AND SIZE OF 

THE HEART 

The size of the normal heart is dependent on the weight of the body, the age 
of the subject, and the amount of blood. The radiological size and shape are 
dependent on many other factors most of wliich have no influence on the func- 
tion of the heart. These factors are the shape of the bonj'- thorax, the position 
of the diapliragm, and the slackness or rigidity of the mediastinum as a whole. 

The Infant’s Heart 

The heart of an infant is of the transverse type and appears very large 
relative to the transverse diameter of the chest. This increase in size, partly 
real and partly apparent, is due to the high position of the diaphragm, which is 
raised by the normally large infantile liver and the normally gas-distended 
infantile stomach. In cliildren up to the age of 6 or 7 years the heart is capable 
of very vide variations in size. It has frequently been observed that children at > 
the end of a prolonged expiration, such as occurs during crying or at the end of a 
whoop, ahnost complete^ empty the lungs of air. Radiograms show both lungs 
almost completely opaque and the heart shadow enlarged to both sides, and, 
on the left side, almost toucliing the axillary line. Subsequent radiograms 
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taken in inspiration show a nomal heart shatlow. This is a point of considet- 
ahle importance, as not infrequently these normal deviations in size lead to 
erroneous diagnoses of cardiac enlaigement. It U difficult to make accurate 



FiQ 6 — Teleradiogram of a normal infant's theat, takw at the end of CTpirution Note the 
considerable deflation of the lungs and the apparent enlargement of the heart 

orthodiagraramatic measurements in young children, and in the author’s 
experience telerndiogranis are more reliable. 

The Child’s Heart 

The heart ma}" show considerable variations in shape until the age of 
pa\\e,tty has been, passed. It i« iw> uweonvftvon thing to seo a. tranavorae heart 
at tlie age of 6 become a narrow or obhque heart by the age of 10. Tills is due 
to the frequency of respiratory infectioi« iu young cluUlren. Such infections, 
if severe, arc usually accoinpamed by compensatory empliysema, which per- 
sists for some time and leads to permanent alteration in the shape of the chest. 
The Adult Heart 

After the ago of puberty the normal radiological heart shadow falls into 
one of three groups : the narrow heart, the oblique heart, and tlie transverse 
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heart. The most important fact in determining the shape appears to be the 
Midth of the chesti Thus in indhdduals udth a long and narro^r chest, we see 
a small narrow heart, and in individuals with a vdde chest we See the transverse 
t 3 'pe of heart. The average indiAudual has an obhque heart. In the average 
case the ratio of the transverse diameter of the heart to the maximum Awdth 
of the chest is about 1 to 1-9 or 1 to 2. Since the heart shape is dependent 
to a large extent on the shape of the chest, this coefficient is also a fairly 
rehable guide to Size. 

Dui'ing full inspiration the heart decreases in size, and during full expu-ation 
it increases in size. Tliis effect is enlianced b 5 '^ the fact that the heart rotates 
as the diaphragm descends and ascends. It follows that conditions which 
raise or depress the diaphragm will cause an alteration in the shape of the heart, 
and the presence or absence of such factors should always be determined. 
Pregnancy is the only important physiological factor causing marked elevation 
of the diapliragm, and all women in tlie later stages of pregnancy show a 
transverse type of heart. During i)regnanc 3 ’^ the normal lumbar lordosis is 
increased and the' shape of the chest consequently alters. This postural 
change also tends to make the heart ajjpear more transverse. The common 
pathological causes of altered position of the diaphragm are ascites and 
emphysema. 

There has been considerable discussion as to whether a small radiological 
heart shadow is pathological or not. Wenckebach published one unique case 
in which the heart was apparentl.y hanging free in- the chest and had no 
diapliragmatic attaclnnents. This was undoubtedly a congenital malforma- 
tion. Exhaustive autops.y investigations have shown that the small radio- 
logical heart shadow is not j)athological. Even dmlng the course of Avasting 
diseases there is usually no X-ray evidence to shoAV that the heart is becommg 
smaller, although autopSj'^ may shoAv an atrophic heart. 

It must not be inferred because a heart appears Small that it cannot be the 
subject of acquired or congenital disease. Both in mitral stenosis and many 
congenital lesions the heart shadoAv may be of the small type, but in these cases 
there is usually other CAudence, such as disproportion m the size of different 
chambers, AAdich reveals the pathology. 

In the average or obliqiie type of heart, tAA-^o-thirds of thd’shadow he on the left 
side and one-third on the right side of the spine. A line draAA'n from the aortic 
knuclde to the edge of the left ventricle usualty shows inside tliis hne at the IcA’-el 
of the puhnonary artery an inch or tAA^o of translucent lung tissue. As AAillbe shoAvm 
- later, this line does not enelose lung tissue at any point in certam diseases of the 
heart, notabty mitral stenosis and hypertension with congestive failure. There 
‘ is a tendency to describe this finding as “ mitrahsation of the heart,” and gener- 
ally speaking the appearance signifies some pathologj^ in the heart. In a small 
percentage of normal obhque hearts, the pulmonary artery shadoAV is rather 
prominent and results in this so-called mitrahsation appearance. A similar 
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appearance can be protUice^l hy scoliosis or fibrosis of the left lung, and it 
cannot be too strongly emphasised that “ mitmlisation ” by itself is no 
evidence of disease of the heart. There must be additional evidence either 
clinical or radiological to justify tliis appearance as X-ray e\’idence of disease. 

T?te transverse type of heart is usually seen in obese short -necked indhidnals. 
The diaphragm in these individuals is usually at the level of the 5th interspace 
anteriorly, and may be as high as the 4th. The lieart appears squat and broad, 
its outhnes are not verj' sharply defined, otving to the secondnrj' radiation from 
the excessive fat on the chest Arall, and its pulsation appears relatively feeble. 
In the normal obese individual the ratio between tlie transverse diameter of 
the Jieart and the maximum aidtii of tlie chest wall remains within tlie normal 
limits of 1 to 1-9, but errors may be made if there is an exceg*>ive deposition 
of fat in the pleuro-pericardial reflection. This deposition of fat may closely 
simulate the apex of the heart, and there may be wcll-niarked transmitted 
pulsation visible on it. Careful screen examination with a small diaphragm H 
the best method of estimating the true source of the apex, but fairly harti 
teleradiograms or radiograms taken with a Lysliolm grid arc also effective in 
showing up the true cardiac outline through this fat. TJie aortic shadow in 
obese uidiiiduaU also appears abnormally wide because, while the aorta is 
normal in length, it is compressed into a smaller space. Dilatotion of the 
aorta should never be diagnosed on a postcro-anterior view alone, and in obese 
individuals the normal aortic outline should be identified in the oblique views. 

The Effect of Excessive Exercise on the size of the lieart has long been fi 
subject of contention. Tlio majority of workers now believe that excessive 
muscular exercise cannot by itself produce a permanent pathological enlarge- 
ment. It is even doubtful if temporary enlargement occurs daring exercise, 
as It 18 impossible to estmiate the size of the lieart during e.xercise. In most 
athletes the heart shadow is rather larger than the norma! average, but careful 
measurements usually show the relative proportions to be within the normal 
limits, and the apparently large size is simply one aspect of a general muscular 
development. In doubtful cases the only safe procedure is for one observer 
to make repeated measurements over a period of three months, and if all the 
measurements are the same, the heart can be said to be normal. 

The Effect of Drugs on the heart has been studied by many authors. 
Amyl nitrite and atropin are said to cause a Slight decrease in size. Digitalis 
and salyrgan may produce a minimal decrease in size in cases of congestive 
heart failme, but many authors, including ParLinson, are sceptical of this. 

Generally speaking, most workers are sceptical as to the possibihty oi 
temporary wide alterations in the size of the heart either from, physiological oJ 
pathological causes. Isolated reports of such temporary enlargement are not 
infrequent, but the possibility must alwu^ be borne in mind that these reports 
deal with cases in which the heart was not normal to begin with. 
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' DTSPLACEJIENT OF THE HEART 

THE MOBILITY OF THE HEART AND MEDIASTINUM 

The XOE3IAL heart and gi'eat vessels are not immobile structures in the chest. 
Tlie heart is capable of direct lateral movement to either side, and can also 
rotate to either side. The aorta as a whole shifts to the left during normal 
pulsation, and our knowledge of intrathoracic tumours shows that it can be 
displaced upwards. doAvnwards, and to either side. The aorta should not be 
thought of as a rigid tube in the chest, but rather as a tense coiled spring, 
capable of unfolding, stretching, and kinking when its elasticity is interfered 
vith. The degree of mobility of the heart and mediastinum varies enormously 
in different individuals, and we have no means of estimating in the noi-mal 
individual how slack or hoAv rigid these structures are. except by inducing a 
pneumothorax. The movement of the mediastinum has been studied in great 
detail in tuberculous patients treated by pneumothorax and phrenic avulsion, 
and we find that about 50 per cent, of normal individuals have a slack medi- 
astinum and 50 per cent, a rigid mediastinum. In those with a slack medi- 
astinum the heart can be pushed to one or other side as much as 3 to 4 cm. and 
can rotate to the left about 30 degrees. Its possible rotation to the right is less, as 
such rotation is restricted by the superior and inferior vense cavfe and the ascend- 
ing part of the aorta. In these individuals the degi-ee of displacement or rotation 
can be estimated by observing the position of the trachea, which is more loosely 
attached than the vascular structures and SAAungs freel 3 '^ to either side. In indi- 
viduals Avith a rigid mediastinum all the mediastinal structures are practically 
immobile, and in cases of excesshm pressure on one or other side pseudo -hernia- 
tion of the lung raa 3 ’^ take place at the level of the 3rd or 4th dorsal vertebra, 
Avherc there is normall3'' some loose areolar tissue alloAving the lung to push across 
the mediastmum to the opposite side. (See Vol. I, p. 442 and p. 469.) Sudden 
rupture of a rigid mediastinum from excessive pressure may cause fatal 
shock, and conversely excessive pressure on a slack mediastinum ma 3 ’’ cause 
death from kinking of the inferior vena cava. 

• The extrinsic causes of cardiac displacement may be' convenient^ grouped 
under three headings, viz. : 1, displacement due to abnormalities of the bony 
thorax ; 2, displacement due to pulmonary diseases ; 3, displacement due to 
pathological alterations in the position of the diaphragm. 

DISPLACEMENT DUE TO ABNORMALITIES OF THE BONY THORAX 

Scoliosis with the Convexity to the Right is the commonest deformity of the 
bon 3 '- thorax. Even sight degrees of scoliosis of tins type result' in displace- 

X-U. 1 2 17 - 




18 


kjplit? coliosia without cnnliao Ji«placement. 
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DISPLACEi^rENT OP THE HEART 

nient of the heart to the left^ Radiograms show the greater part of the heart 
shadow on the left side, the aortic knuekle is more prominent than usual, and 
the pulmonary artery shadow is very pronounced, the protuberance of the 
latter vessel causing the appearance of “ mitrahsation.’’ In severe degrees of 
scoliosis the diaphragm may be very liigh and the ajiex of the heart hidden 
well below it. The Sternum is usuaDy deviated to the left side, and its border 
may be so superijnpoSed on the aorta that it can simulate atheroniatous 
plaques in the arch. 

Scoliosis with the Convexity to the Left is rare. In mild deformities of this tjqpe 
the heart shadow lies more in the middle line and the vascular shadow appears a 
little wider than the average . In severe deformities the greater part of the heart 
shadow may lie to the right of the middle line and give an appearance simu- 
lating dextrocardia (Fig. 7). The trachea, however, is a useful guide to the 
presence of this deformity, as it sm'ngs very easily to the right side ancLalways 
accompanies the heart and aorta if they are rotated or displaced to the right side. 

Kyphosis causes vai-ying t 3 'pes of cardiac displacement, dependent on the 
form of the scoliosis which nearl}^ alwaj'S accompanies kyphosis. In uncom- 
plicated kyphosis the heart shadow appears small and the vascular shadow 
Avide. In severe deformities there is an apparent hAqDerajmia due to com- 
pression of the lungs, bixt the pulmonarj’^ artery is not prominent. 

DISPLACEMENT DUE TO PULMONARY DISEASES 

Fibroid Phthisis is the commonest puhnonaiy disease displacing the heart. 
Fibrosis of the left upper lobe pulls the aorta and ])ulmonar 3 ’- artery to the left 
side, but seldom disturbs the position of the heart itself. Fibrosis of the left 
loAver lobe pulls the heart to the left, but does not interfere vitli the aorta or 
pulmonary artery. Fibrosis of the Avhole left lung pulls the whole of the 
eardio-vascular shadow to the left side, and this displacement is aggravated 
by a compensatory emphj'sema of the healthy^ hrng (Fig. 9). Right rrpper lobe 
fibrosis pulls the aorta and the superior vena cava to the right. Right loAver 
lobe fibrosis pulls the heart to the right, but the ascending aorta and superior 
vena caA'^a are not affected. Fibrosis of the Avhole right lung may result in the 
Avhole cardio-A'^ascular shadoAv being di.splaced Avell to the right of the middle 
line. A useful guide to the degree of upper lobe fibrosis is the position of the 
main branches of the pulmonary artery. The left main branch is ahr-ays 
higher than the right, usuallj'’ bj’- about half an inch. Upper lobe fibrosis 
practically always ijulls the main branch of the x^ulmonaiy arterj'- upward.s, 
and the minor lower lobe branches are then seen running obliquely dovoiAvards . 
and outwards instead of curving iuAvards and outAvards. Either main branch 
may be pulled as liigh as the second interspace anteriorly. 

Pleurisy with Effusion is also a common cause of eardio-vascular displace- 
ment. The degree of cardiac di.splacement is not a reliable guide to the 
quantity of fluid present. In individuals vdth a rigid mediastinum the heark'"^ 
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rotates instead of moving laterally, and there may be little or no apparent 
alteration in its position. The trachea at the level of the Srd to -Ith dorsal 
vertebrse is a better guide to tlic quantity of fluid, ns this is the weakest point 



Fio 9 — Displacement anil rotation of tho heart to the left due to fibroid 
phthisis and mediastinal pteuntis 

in the mediastinum and the maximum effects of pressure are first noticeable 
there. Adhesions between the mediastinal leaves of the pleura sometimes 
follows pleurisy and pneumonia and may cause permanent displacement of the 
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heart. This appearance can he very misleading, as the limgs and spine are 
normal and the radiogram shows no apparent cause for the displacement 
(Kg. 9). 

Callapse of the Lung 

Collapse of a lower lobe usually produces slight displacement of the heart 
to the affected side. Collapse of the whole of a lung causes considerable 
displacement of the heart to the affected side, and the heart shadow 
may be invisible in the de-aerated hemithorax. The raised position of the 
diaphragm which accompanies total collapse of a lung is an obvious guide to 
the correct diagnosis. 

Tumours 

Primary tumours of the lung do not displace the heart shadow. Large 
nem'ofibromas arising from the intercostal nerves or large chondromas arising 
from an intervertebral disc ma3^ cause considerable displacement of the heart. 
Dermoid cysts of the superior mediastinum are usuall}^ situated anteriorly and 
often do not affect the position of the heart or great vessels. Dermoid- cysts 
in the inferior mediastinum are usually intimatel}' connected vith the peri- 
cardium and cause much cardiac displacement. Substernal thyroid, if large, 
depresses the aorta and causes the vascular shadow to become Avider, and the 
aortic knuckle to be lower and jutting out more to the left side. 

DISPLACEMENT OF THE HEART DUE TO PATHOLOGICAL 
ALTERATIONS IN THE POSITION OF THE DIAPHRAGM 

As already mentioned, the diaphragm plays a verj’’ large part in determining 
the shape and position of the normal heart. It follows that alterations in the 
position of the diaphragm will have a marked influence on the appearances of 
the normal heart. Some authors have paid undue attention to the presence 
of a large gas bubble in the" stomach causing slight elevation of the left dia- 
phragm and slight Avidening or rotation of the left cardiac border. It is often 
inferred on doubtful eAudence that gaseous distension of the stomach is 
responsible for disturbance of the cardiac rhjdhm or praecordial discomfort. 
In a series of 1.000 normal indiAuduals examined clinically and by X-raj^s in 
Westminster Hospital it Avas noted that all indi\iduals v-ith a transA-erse tjpje 
of heart and rather liigh left diaphragm had a large gastric gas bubble. In 
none of these individuals Avere there any signs or symptoms of functional or 
organic disease of the heart. This large gas bubble is part of the normal habitus, 
and it persists throughout the life of the indmdual. There is no evidence to 
prove that a large gastric gas bubble can influence the cardiac function, and 
in the examination of a cardiac case its presence should be ignored. 

Diaphragmatic Hernia 

Diaphragmatic hernia of the gross congenital ty*pe, alloAving the abdominal.^ 
Aiscera to enter the thoracic caAuty, causes gross disijlacement of the heart In ^ 
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fhe side opposite to the hernia. The small acquired hiatus hernise, cases of short 
cesophagus, and cases 'ndth a defect in the anterior part of the diapliragm do 
not materially affect the position of tlie heart as seen in tlie postero -anterior 
view. In the two former lesions the stomach is behmd the heart, and in the 
latter lesion it is hi front of the heart. 

Eventration of the Diaphragm, a rather rarer condition than diaphragmatic 
heiiiia, is usually seen on the left side and often causes such marked displace- 
ment of the heart to the right that clinically dextrocardia is diagnosed (Fig. 10), 
In a small number of eases of eventration the heart is not displaced, and the 
left border is beautifully seen through the raised diaphragm. The same state 
of affairs can be noted when the left diaphragm is artificially paralysed for 
therapeutic purposes. In some eases there is considerable cardiac displacement 
and in some no ob^dous displacement. Rigidity of the mediastinum probably 
accounts for the absence of disiilacement in some cases. 

Emphysema is the commonest intrapuhnonary disease causing depression 
of the diaplu-agm. Generally speaking, we see an apparently small heart in 
emphysema. The ti'ansverse diameter appears small relative to the transverse 
diameter of the chest. The two factors producing tliis apparent decrease in 
size are : (a) the actual increase in the antero-posterior diameter of the chest ; 
and (b) as the diaphragm is depressed by the over-distended lungs the heart 
rotates to the middle fine. The question of enlargement of the right heart in 
emphysema is a complicated one and is discussed in detail in the section on 
enlargement. 

Pleurisy with Effusion usually depresses the diaphragm on the affected side, 
but, as the fluid causes considerable lateral displacement of the heart, the effect 
of the depressed' diaphragm does not come into play. 

Pregnancy 

Elevation of the diaphi'agm is produced physiologically bj’^ the pregnant 
uterus between the fifth and < ninth months. In the pregnant woman 
the heart is usually of the transverse type during the last few months. 
Orthodiagrammatic measurements will, however, show the heart to be vitliin 
the normal hmits, and the heart-lung coefficient maintains its normal ratio 
between 1 to 1-9 or 2. A woman -with an obhque or even narrow t 5 q)e of heart 
vill show the transverse in the last month of pregnanc 3 '^. This alteration 
is largely due to elevation of the diaphragm, but partly due to the altered 
position of the spine in the pregnant woman. 

Ascites and Large Intra-abdominal Tumours which elevate the diaplnagm 
cause the heart to become more transverse in type. There is little likefiliood 
of errors being made in these cases, as the transverse diameter of the chest also 
widens as the diaphragm rises, and the heart-lung coefficient is maintainfed 
vithin normal limits. 
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DIIATATION AND HYPERTROPHY OF THE HEART 

Radiology has thrown much light on the nature of cardiac enlargement, and 
all interested in the subject shonld study ParkiMOn's Lumleian lectures. 
There are no radiolo^cal appearances which ollow of a differentiation between 
dilatation and hypertrophy. An h>'pcrtroplued heart may show measure- 
ments well within the normal limits. It is true that as tho left ventricle 
hypertiophies, it rotates and the npe.v of tlie heart may be lifted above the 
diaphragm, but there arc other non-cardiac conditions which may cause tliis ; 
hence its value aa a sign of hypertrojAvy is doubtful. The radiologist, in 
estimating the size of a heart, should concern himself solely with the question 
of enlargement, and, remembering that enlargement is a vital factor in deter- 
nunitig treatment and prognosis, ho should take tlie greatest care that all his 
technical factors are accurate. 

Physiological enlargement of the Jicart, great enougli to be measured on 
teleradiograms, occurs after an extra systole uluch fails to eject tho usual 
amount of blood from the ventricle, or during Muller’s experiment of forced 
inspiration. As already described, this physiological enlargement is much 
greater in children than m adults The majority of workers do not believe in 
the possibihty of sudden acute dilatation of the normal heart, and ParUnsofi 
suggests abandomng the term “ acute dilatation ” completely. There is 
definite proof that the heart does not dilate following violent exercise ; it 
decreases shghtly or maintains its nonnal size. In observing enlargement 
of the heart during pathological conditions Parkinson states that “it h 
rather the length of time taken to produce demonstrable enlargement than the 
rapidity wnth which it occurs tliat has impressed him.” On the other hand, 
there are many isolated reports of cases of acute dilatation of tho heart, and in 
some of these there was such rapidity in increase and decrease in size tiiat 
pericardial effusion could he excluded as the causation of the sudden enlarge- 
ment. Roesler believes that acute dilatation occasionally occurs, and cites as 
examples cases of coronary thrombosis and diphthena. Dorner, during a 
severe epidemic of diphtheria, made numerous radiological observations and 
found gross enlargement of the heart in severe cases on tho third day of the 
disease. The author found considerable enlargement of the heart in a yoimg 
doctor three or four hours after an attack of coronary thrombosis. Tiiere had 
been no previous record of the size of the heart in this patient, but, tltree 
months after the attack, teleradiograms allowed the heart to be well witiun 
the normal limits. A more striking instance of rapid cardiac enlargement was 
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observed iu a young woman of 25. whose chest was X-rayed to determine the 
cause of pyrexia following an abdominal operation. The first pictures showed 
a bilateral broncliiectasis with a superimposed pneumonitis on the right side. 
The heart was within the normal limits. Radiograms taken six days later 
showed the heart shadow to have increased in size by about 1| cm. At the 
time of the second e.xamination there was a profound anajmia (2,500.000 
R.B.C.). A transfusion was given on the follondng day, and two days later 
radiograms showed the heart again within the normal limits. There was some 
ground for believing that the anaemia was caused by injections of sulphanil- 
amide, but whether this drug, the anaemia, or the general toxic condition was 
responsible there was no doubt but that a considerable increase and decrease 
in the size of the heart had talcen place over a period of ten days. The 
pulsation of the heart at the time of the second examination was forcible 
enough to exclude the possibility of a pericardial effusion. 

In all cases of cardiac enlargement, the heart should be examined Avith a 
view to determining which chambers are chiefly affected. 


CONDITIONS CAUSING CARDIAC ENLARGE.MENT 
Hypertension 

Tiiis is one of the commonest causes of general enlargement, although the 
left Ventricle is the chamber chiefly affected. The degree of enlargement is 
dependent on many factors. In elderly people with long-standing hjT^erten- 
sion. the heart is enlarged to the left and backwards and the apex is often 
raised above the diaplu-agm. In cases with a rigid superior mediastinum, the 
enlarged left ventricle may displace the right cardiac border to the right. 
The aortic Imuckle is usually slightly dilated aud projects more to tlie left side. 
In arteriosclerotic cases the aorta is unfolded and higher than normal, and 
plaques may he visible in it. The indentation between the aortic knuckle and 
the left ventricle is never so pronounced as it is in aortic incompetence, and, 
generally speaking, one can describe the heart m hypertension as being ratlier 
of the squat type. If the pulmonary arteiy is enlarged and the configuration 
of the heart becomes of the miti-al type, this is evidence of beginning failixre. 
The predominance of the aortic knuckle in this stage of hypertension is a useftil 
point in excluding mitral disease. Li rare eases prolonged hypertension may’- 
have been present without any radiographic evidence of abnormality^ of the 
eardio-vascular shadow. It is possible that these are cases in which the heart 
to begin vdth was of the .<?mall narrow type. In malignant hypertension or 
secondai^' renal hypertension in ymung people the aortic .shadow is always 
plated. Hoesler shoAvs that tliis is a dymamic dilatation due to increase 
in the internal pressure. In cases of this nature autopsy shoAvs the aorta 
to be normal. 
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Renal Diseases 

t 

111 tlie early stages of acute glomei’ulo-neiiliritis there is usually considerable 
enlargement of the heart, but. as this condition is frequently associated uith 
oedema of the lungs, it is probable that hydropericardium iilays a considerable 
part in the enlargement of the shadow. In chronic interstitial nephritis there 



3?ig. 14, — Enlargement of tlie heart to the left m hj'pertcnsion. 

Aorta normal. 

is usuallj" enlargement of the left Tentricle ; the right border of the heart, the 
aorta, the jiuhnonary artery, and conus pulmonalis appear normal. 

Hypotension 

Sudden drop in blood-pressure, such as occurs during fainting, is accom- 
panied by a measurable increase in the transverse diameter of the heart shadow. 
This enlargement is probably due to bradycardia, Boeshr having shown that 
bradycardia alone is sufficient to cause enlargement of the heart shadoiv. 
Boe-skr also noted, in two cases of sudden droj) in pressure following moderate 
exertion, that there was no increase in the size of the heart, but a decrease in 
the size of the aortic shadow. 
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Rheumatic Carditis 

Parkinson discussea a number of reported cases of rlieuniatic carditis 
^vithout endocarditis. This condition is obsdously very rare and is probably 
associated wth considerable enlaigement of the heart. From the few cases 
reported it is impossible to determine whether the enlargement miglit not 
have been a result of previous attacks. Parkinson points out that there is 
no radiographic evidence that the average patient with a first attack of 
rheumatism -with the heart affected does, in fact, show early enlargement 
from acute myocarditis 

Diphtheria 

Dorntr hna shown that in very severe cases there may he con‘5iderabIe 
enlargement of the lieart sliadow as early as the third day of the infection. 
In less severe cases, shoeing evidence of cardiac involvement, enlargement 
was not noted until the second or thlitl week. In some cases n certain degree 
of enlargement persists, but \nth suitable treatment the heart tisimlly rctunis to 
its normal size after a few weeks or months. With modem methods of treatment 
and prevention, diphtheria is fortunately becoming rare, and there is not much 
likelihood of adequate material being forthcoming for more exhaustive radio- 
logical investigation. 

Pneumonia 

The evidence for oi against radiological e%”idcnce of cardiac enlaTgeraent 
during piieumonift is indecisive. In the investigation carried out by Davies, 
Hodgson^ and Whilby. three cases out of 1 19 showed X-ray evidence of cardiac 
enlargement, and m these three cases there was no clinical evidence of carthac 
weakness. On tlie other hand, it seems probable tliat there must be some 
enlargement of the heart if extensive areas of lung tissue aro consolidated. 
Alterations in the position of the lieart due to consolidation of a large area of 
lung tissue, or to pleurisy with effusion, make estimations of the radiological 
size of the Jieait very inaccurate diwing pneumonia. 

Myocarditis 

Severe myocardial damage may be present without any X-ray evidence of 
abnomiality of the cardio-vascular shadow. Most cases usually show enlarge- 
ment of the heart to both sides and a characteristic “ flickering ” pulsation of 
the left ventncle. The heart also shows wide rmriations in size with the 
phases of respiration, and the mam pulmonary vessels near the roots of the 
lungs are engorged. 

The question of acute dilatation occurring with coronary thrombosis has 
already been discussed. Li a series of 200 cases observed by Parhinson, he 
concluded that there were 128 wdth enlargement of the heart. He estimates 
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tliat, in tlie vast majority of these, hypertension ^A'as the only or predominant 
cause of the enlargement ; but there were 11 (8-0 per cent.) in Arliich he 
heheved that cardiac infarction Avas the sole cause of the enlargement. 

Hyperthyroidism ' 

A considerable number of radiological inA’-estigations of the heart in thyro- 
toxicosis have been published. In severe cases there are certain characteristic 



FrcJ. 15. — Thyiotoxif; lienrt. No enlargement of tlio trans\-eiso diameter 
but considerable s^velling of tho pulmonary artery. 


features. There is some enlargement of all the chambers of the heart ; the 
pulmonary artery and conus puhnonalis on the left side are increased in size, 
giving an impression of mitral disease ; and the superior vena cava shadoAV on 
the right side is usually verA>^ pronounced. Practically all Arorkers have 
commented on the curious pulsation in thyrotoxicosis. The pulsation is more 
obA’ious on the vascular than the cardiac shadoAA'. and on the .screen the 
nioA'ements give the impression of a sponge being squeezed in and out : hence 
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the terni “ sponge heart.” The Iicart shadou and the pulsation may ret 
to normal after siiccessful treatment or some degree of enlargement may pen 

Myxcedema 

Mild cases show no change in the heart shadow. Severe cases, accorc 
to lioesler, show enlargement to both sirles with the flask-like shape of p 
cardial effusion. Rofsler states that the enlargement is due to cardiac dili 
tion, probably associated with pericardial effusion. Despite the brad^'cai 
the pulsation is sluggish and of diminished amplitude. Pulmer describ( 
case in which there was slight general enbrgoment of the heart with g 
clinical improvement and return of the heart to its normal size after thy 
medication. 

Deficiency Diseases 

In severe cases of rickets an<l scuiwy cardiac enlargement has been no 
A classical example of general cardiac cnlai^’ement due to chronic aritamln 
has been reported by RahwovUz am! Rogers. In beriberi Roeshr dcscnlx 
globular enlargement of the licart and the pulmonary artery or co 
pulmonalis. The superior vena cava Is dilated and there is vigorous pulsa 
of the conus. A pericardi<d elTiwion may be present. A striking feotur 
the absence of X-ray eridence of congestive lung failure, despite clin 
evidence of right heart failure. Deficiency iliscnscs are often aasociatetl s 
a severe anamiia, and this may be an important factor in the productioi 
cardiac enlargement. 

Idiopathic Heart Hypertrophy 

In recent years an increasing niiiubcr of cases of cor borinum in infants 
been recorded. Radiograms reveal enormous enlargement of the heart 
both sides In a few cases there was a coexistent enlarged thymus. Aiitop 
have not clarified the etiology. Tii some cases there was notliing found 
pure hypertrophy of the heart muscle, and in others nests of lymphocj’tes v 
embedded betucen the hypertrophietl muscle fibres. Rocskr holds that in 
of these u ere cases of glycogen storage disease. 

Anaemia 

Most cases of severe nnsemia, irrespective of its nature, show some degre 
general enlargement of the heart. The exact causation of this enlargeraen 
qmte unknovm, but if the blood picture is restored to normal the heart rett 
to its noimal size. The author found enlargement of the heart to the 
of 1 and 1-5 cms. in two women suffering from microcytic aniemia. It ' 
estimated from the histories that the anannia had been present for 10 an 
years respectively. 
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Phosphorus, Alcohol, and Coal-gas Poisoning 

These toxins are said to cause general enlargement of the heart shadow. ' 


Arterio-venous Aneurysm 

This condition is usually traumatic in origin, and many cases were observed 
during the Great War. If a fistula develops between two vessels of large 
calibre, the heart enlarges. The enlargement may be general, or may be 
limited to the right heart, and there is considerable passive hy^pertemia of the 
lung vessels. Ilie mechanism causing the cardiac enlargement is not quite 
clear. Dean shows that one of the principal factors is the slnmtmg of a large 
amount of arterial blood back to the heart, but he also believes that lowered 
peripheral resistance plays a part. If the shunt is temporarily interrupted by 
external pressure, the heart decreases in size, and after successful operative 
treatment of the anastomosis the heart returns to normal. 


j Deformities of the Bony Thorax 

' The disj)lacements of the heart due to scoliosis have aheady been discussed. 
> With severe degrees of kypho-scoliosis remarkable alterations in the shape of 
the heart can occur, and the aorta may be kinked. It is doirbtful, however, 
if displacement of the lieart and aorta, no matter how severe, can be a primary 
' cause of cardiac enlargement. Some vciy large hearts have been described 
in hunchbacks, but other factors than the Imny deformity v^ere probably 
responsible for the enlargement. , 

Trauma of the Heart 

Comparatively few radiological records of heart wounds wore made during 
the Great Y'^ar. There is. however, a considei-able literature in America on 
\ jienetrating and non-penetrating wounds of the heart. In most cardiac 
wounds there is a rajhd pericardial hremorrhage, and raised intrapcricardial 
^ pressure is the commonest cause of death in these cases. It is unvdse in most 
cases to waste time making an X-ray examination, as the diagnosis of blood in 
the pericardium can be made more promptly by asj^iration. In cases, how- 
ever, where an opaque foreign body, such as a bullet, has lodged in the heart. 
X-ray'- examination is necessary to locate this. If the bullet is in the ventricle 
S' it shows a dancing movement on the screen and changes in position Avith 
changes in posture. If the bullet is in the myocardium it shows lateral 
pulsation and does not' alter in position A\dth posture. If the bullet is in the 
pericardial sac it changes in position Avith changes in the patient’s posture 
h unless it is held in the one place by adhesions or organisation of blood. In 
r the vast majoxdty of cases radiography shoAAS gross enlargement of the cardiac 
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shadow, this being chiefly cau«icd by blood in tlio pericardium. In a case 
seen by the autlior in Westminster Hospital, there was no enlargement of the 
iieart. The patient was a yonng girl, shot at close range with a •22-mm. 
revolver. There were three ATOunds on the left side of the thorax. X-ray 
examination twenty -four hours after the wounding showed two of the bullets 
lying in the soft tissues of the cliest w'nil and a third superimposed on the 
shadow of tho ventricles. Screen examination and radiography in different 
postures' show ed that the bullet was actually in one of tho ventricles. There 
was no enlargement of the heart shadow. The patient made an uneventful 
recovery. Dr. Itoeskr examined the pictures and concluded that the bullet 
was probably in the right ventricle. The fate of a bullet in the ventricle is 
variable : it may become jammer! in the chorclaj tendinere or it may lie shot 
into tile circulation and find a permanent site in a vessel far distant from the 
heart. For this reason it is imperative to radiograph an intracardiac foreign 
body immediately before its attcmptcrl removal. 

Pulmonary Disease 

There is a general impression that right heart enlargement and failure 
ensue as a result of chronic pulmonar>' disease with obliteration of large areas of 
the vascular bed of the lungs. This impression is not homo out by radiographic 
investigations, w inch usually show an apjiarcnt small heart in cases of asthma, 
emphysema, chronic phtliUis, and pncumonoconiosis. There are many degrees 
and varieties of emphi/scma, and the only safe criterion on which its extent can 
he estimated is the X-ray demonstration of tho absence of voscular markings 
in an area of increased translucency. Emphysema is never a primary condition, 
and by itself it is doubtful if it can cause gross enlargement of tho right heart. 
Actually, in emphysema, blood is returning to the right heart, not only more 
slowly, but in diminisbed quantities, and tlic result is a real diminution in the 
size of tho heart. Tliis diminution in size is enhanced by the effect of de- 
pression of the diaphragm and widening of tlie transverse and antero-iwsterior 
diameters of the cliest. Parkinson goes into this question very carefully anti 
points out that enlargement of the right ventricle manifests itself chiefly by an 
enlargement of the conus puimonalis, best seen in the second oblique position. 
Tliis enlargement of the conus may, Jiowever, be dynamic, n theory which is 
supported by Rubin's findings. Rubin in a group of selected cases found no 
evidence of right heart enlargement in emphysema. In the author’s opinion, if 
considerable cardiac enlargement and emphysema are found togetlier, it is more 
than likely that some cause other than the emphysema is responsible for the 
enlargement.^ 

‘ In a more recent publication, Parlhuoa and Hotfle ileieribo the cardiac changes in eighty 
cases of emphysema. They conclusively ehonr that u 40 per cent of cases there is a true Enlsr?c- 
ment of the conus pulmonale? and in ationt half of these tho body of tho right ventricle vas 
also enlarged In about 30 per cent of eases tho left ventnelo was enlargcil, but Ihis nas due 
to CO existent systemic hypertension or, in a few cases, to coronary disease 
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There is little or no mention in the Utemtiire of enlargement of the heart in 
asBOciation mith mmimma of Ihc lungs ; yet in the author’s experionee at the 
Royal Chest Hospital, pulmonary eardnoma is more often associated vdtJi gross’ 
cardiac enlargement tlian any other pulmonary disease. The enlargement 
may he general or limited to the rigid heart and is due to one or moro of the 
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Rlldwing faetons: (1| ^falignant infill ration, of Hie superfor vena eava, <»itcn 
nBiJociaU'd %vilh gaicralised malignant infiltr^ition- of the lungs, (t?| Maiigiinnt.' 
infiitKitibn of tl«; iKuicarditim with or without., fiuid in the peneiirdiai siae, •- 
(d) fAnstriction of the puhuonary nsteiy* hy the grouilt. Ju -fUic case of .- 
^'Xfendve, maiignitnt infiltration., of, the myocardium serial ■radiograshs'.' 
showed no nhemfum: in., the aize of the heml.y >ut AhR, heart ^yaf? dtireadv'-,. 
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Obesity 

Ffttty infiltration of tiic heart is rare as n primary cause of cardiac enlarge- 
ment or failure. The heart in obese indiTOlunls is nheays of tlie Btpiat trans- 
verse type, due to tlie diaphragm lieing misci! by iticroa.sed intra-abdominal fat. 
The aorta is cramped and rotated, so that both ascending and dc.sccnding parts 
of tlic arch lie clear of the vertebral shadow. There is invariably an accumula- 
tion of fat in the plcuro-pericanlial angle on tlie left sitic, and this is not infre- 
quently mistaken for tlio left border of the heart. Ctreful screen c.Kaminatioii 
and hard radiograms will show the true nature of this opacity. Obese 
individuals also show a large ga.stncgas bubble ; tliis is a normal finding and 
should never be regarded ns a cause of cardiac symptoms. If a very large 
heart is found in an obese individual it is probable tliat there is an additional 
factor, such as hypertension or coronary disease, causing tlie enlargement. 

Cardiac Aneurysm 

Cardiac aneurj’ams are now recognised fl.s \>eing coinpaTativciy common, 
the causative factor being coronary arteriosclerosis and thrombosis Sucli 
aneurysms are usually found near the ajic.x of the heart. Probably 5 to 10 per 
cent, of heart aneurysms can be defected radioiogically. Tlie aneurysm in its 
early stages may not bo visible os a bulge on the left border, but can bo identi- 
fied by a characteristic square sliape of tlie left border of the heart with absence 
of pulsation, or flickering pulsation, over the affected urea. In long-standing 
cases a true aneurysmal bulge can be seen on the left border, and there are a 
few lecords of visible calcification in the wall of the aneurysm. 

Not infrequently two cardiac aneurysms may be present in the one 
individual In most cases of cardiac aneurj’sin, X-ray examination shows 
nothing but general enlargement of the heart, the aneury’sm being invisible 
because it is situated in such a position that it cannot be brought into profile or 
because there are pericaixlLnl ndbesiniis over the affected area. 

Primary Tumours of the Heart 

These are rare, and usually affect the auricles Angiosarcoma and rhab- 
domyoma of the auricles liave been described. Ehrtnbng has recorded a ease 
of sarcoma of the right auricle with a bulgiiig of the auricle to the right and 
swelling of the superior vena cava. itPiiKsc described a similar tumour of the 
left auricular appendage, which appeared as a semicircular opacity arising from 
the upper part of the left canliac border and pulsating synciiionously with 
the aorta. 

Disorder of Rhythm and Conduction 

Paroxysmal Tachycardia. — Thia condition usually’ causes no alteration in 
the raihological size of the heart. If it persists for a long time it may cause 
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cflngestive failure, wliicli rapidly dbapjwars when the tachycardia is controlled . 
Palmer describes a patient, aged 62, who liad severe and frequent attacks of 
paroxysmal tachycardia for 45 years, and who showed no radiological evidence 
of cardiac enlargement. 

Auricular Fibrillation and Auricular Flutter, if iinassociated with organic 
heart disease, may exist for man}' years without causing cardiac enlargement. 

Bradycardia usually causes enlargement, but as RoeMer points out it 
is the diastolic size which surpasses the normal standard. The author observed 
in a young girl, witli a lieart rate of 64, enlargement of both the systolic and 
diastohe size. 

Complete heart block appears to be associated with enlargement in prac- 
tically all cases. Partial heart block is not necessarily associated with 
enlargement. 

Congestive Heart Failure 

The question as to whether the heart enlarges or not during an attack of 
congestive failure is stilt unsolved. In most coses the lieart is already enlarged 
before failure begins. The engorgement of the liver and the diminished air 
content of the lungs combine to raise the diaphragm to an abnormally Iiigh 
level. The elevation of the diaphragm flattens the heart out so that there is 
apparent enlargement both to right and left. Distension of the right auricle 
also adds to the impression of enlai^ement and in many cases there is probably 
a small pndetectable pericardial cffu.sion present. The vascular shadow may 
also be flattened out and appear wider than normal, an effect n Inch is enhanced 
by eiigorgement of the superior vena cava. Tlie pulmonar}’ conus is aluays 
dilated, causing the so-called “ mitralisation " of the lieart. 

Hydrothorax is a frequent complication of failure, and is usually first seen 
on the right side. A small liydrothorax is easily overlooked unless tlie 
patient is screened or radiograplied in oblique positions. Even a large 
hydrothorax may not result in displacement of the heart to the opposite side : 
the deflation and loss of elasticity of the engorged lung more than counter- 
balances the pressure effect of fluid in the pleural ca^^ty. 
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MITRAL STENOSIS 

Tins IS the commonest valvular lesion of the heart and in chronic cases gives 
tj'pical X-ray findings. In the diagnosis of mitral stenosis the X-ray demon- 
stration of an enlarged left auricle ranks in importance with the presystoHc 
nnnmur. The normal left auricle is situated posteriorlj’'. and in the routine 
postero-anterior view onty its appendage forms part of the left cardiac border. 
In fact, the widest part of the normal left auricle is central, or even situated a 
little to the right of the middle line. In mitral stenosis the chamber first and 
chiefly affected is the left auricle, but the shadow of the amicle is not the 
factor responsible for the so-called “ mitralisation of the heart. A mitralised 
heart is characterised by a small or absent aortic knuclde, and a prominent pul- 
monary artery and conus winch usually merge without a break into the shadow 
of the left ventricle. As affeady pointed out, this mitral appearance may bo 
normal or may be produced by many lesions ivhich have nothing at all to do 
with the mitral valves. To be sure of the diagnosis of mitral stenosis the radio- 
logist must demonstrate hj^iertrophy or dilatation, or both, of the left' auricle. 

In a chronic case of mitral stenosis the left auricle can be clearly ^dsual^sed 
in the postero-anterior and obhque \dews. In the postero-anterior view the 
enlarged auricle is seen as a dense pear-shaped opacity inside the normal 
cardiac shadow (Fig. 23). The apex of the pear is just below the pulmonary 
artery on the left border and the rounded base of the pear is superimposed on 
the upper part of the right auricle on the right border. In the first oblique 
position the enlarged auricle projects into the posterior mediastinal space and 
renders opaque a normally translucent space, but as the posterior mediastinal, 
space can also be obliterated by general enlargement of the heart a barium 
swallow is necessary to differentiate between the two conditions. In the vast 
majority of cases of mitral stenosis the enlarged left auricle displaces the 
oesophagus to the right side (Fig. 27). This displacement is best noted in the 
first oblique 'position. On •watching the barium, one notices a shgbt delay at 
the level of the bifurcation of the trachea and then an abrupt deviation of the 
bolus in the oesophagus to the right. The delay and the abruptness of the 
deviation are important, as in general enlargement of the heart the oesophagus 
is sometimes slightlj’’ deviated to the right ; but tliis deviation is graduaband 
is not associated with a pause at the level of the bifm-cation. There " " 

reports of displacement of the oesophagus to the left by an enlarged 1 
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but this is rare. Not infrequently there ate reports of dysphagia being a 
prominent symptom in mitral stenosis with ojsopbngcal displacement. In the 
author’s experieneo the tesophagus can bedisplaced several inches to cither side 



Fio 23 — MitTftl atcnosis a tlegrea «>f pa«sivt> hypetsfirna of the liing'^. Note the 

dense opacity of the left auricio «iipenmpoKed on the shadow of the right auncle 


of the middle line without producing oisophageal symptoms, and it is lilicly 
that dysphagia with mitral stencsis is probably due more to varices in the 
cssophageal wall than to displacement of the oesophagus. This view 
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supported by the comparative frequencj'- of d 5 ^spliagia in elderly peoj)le with 
congestive heart failure. 

Ri manj^ cases of miti’al stenosis the enlarged left auricle pushes upwards 
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‘ • Fig. 24. — !Miti'ar stenosis with, passive lij’per.'cinin of the ]ung.s. Note the, dilated , ' 

■ '■ '■ pulnionaty artery and the hypoplasia of the aorta. 

into the biflu'cation of the trachea and actually causes a splajdng of the 
bifurcation. This deformity is again best visualised in . the. first oblique view, 
which may clearty show the left main brorichus januhed against the puhiionarV 
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artery (Eig. 28). Dynamic dilatation of tlie pulmonary artery ia a frequent 
occurrence in mitral stenosis, and if this vessel does not yield, the left main 
bronchus may be narrowed as a result of pressure from below by tlie auricle and 
above by the artery. In rare cases the enlarged auricle rides so high into 



Fia. 25. — Jlitral stenosis The conus pulmonuln w ciearlv vmble as a separate bulge between 
the svcollen pulmonary artery end the left ventricle. There is hypoplasia of the aorta 

the bifurcation that it pushes both left mam bronchus and pulmonary artery 
hard into the base of the aorta, thereby squeezing the left reeurrens nerve and 
causing left reeurrens paralysis. Partimon, and Bedford were the first to 
point out the clinical significance of a small indentation on the cosophagus at 
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the level of the left main bronchus and pulmonary artery. They called this 
the pulmonary artery impression, a rather misleading term, as this artery is 
not hi contact nitli the oesoj)hagus. This indentation on the oesophagus is 
probably caused more by the left main bronchus than the pulmonary artery, 
but in mitral stenosis the clUated arterj^ l^ressiug on the left mahi bronchus 
causes an increase in the depth of this normal indentation. Summarising the 
oesophageal appeamnces in the first oblique ^iew in mitral stenosis, ve find the 
aortic indentation small or absent, the left bronchus indentation increased, and 
below this a wide deviation due to enlargement of the left auricle. 

We must now consider in detail the appearances in f/ie posiero-anierior vieio. 
The shadow of the aortic knuclde is small. Tins smallness is real, as in mitral 
stenosis there is usually a true bjqjoplasia of the aorta, especially if the disease 
has developed earlj* in life. The pulmonary arterj’ and conus pulmonalis are 
usually prominent ; this is a dynamic dilatation of the arteiy, as autopsies 
seldom sbow' true dilatation of the pulmonarj* artery in mitral disease. The 
left Tentricle may or may not be enlarged, depending on the stage of the 
disease ; it is almost always rotated a little to the left and show's 
dinunished pulsation. The lownr right border is usuall}' a little sharper 
defined than the average, and if the right ventricle is enlarged it may 
be pushed slightly outwards and to the right. The shadow of the superior 
vena cava is weU, marked, and in cliildren the triangidar shadow of the normal 
azygos vein lying in the angle formed by the vena cava and the right main 
branch of the puhnonary artery is very prominent. The vhole appearance 
is dominated by the pear-shaped opacity of the enlarged left auricle \dsible 
tln-ough the heart shadow'. The visibility of the left auricle in the postero- 
anterior view is largely dependent on an increase in the thickness of the Avail 
of the auricle. A simple dilatation of the auricle Avould not result in any 
alteration of the normal densities of the heart shadow' as seen in the postero- 
anterior view. Tliis is a very important point, as in a number of cases of mitral 
stenosis the auricle hypertrophies long before it dilates. With good technique the 
hypertrophied auricle can be easily seen in the postero -anterior view, although 
oblique aobaa's may .shoAA' no evidence of mitral disease and the course of the oeso- 
phagus to be normal. In these cases also the conus pulraonafis and pulmonaiy' 
arterj' are not dilated and a superficial study of the heart shadow in the 
postero-anterior Anew may give the impression that the heart is nonnal. 

In A'ery seA'ere cases the auricle, as it dilates, extends out over the right border 
of the heart and Ave get a double shadoAV to the right of the middle line, the upper 
shadoAv being formed by the left auricle and the loAA'er shadoAv by the right 
auricle. Rot infrequently in these cases A’-entricular pulsation is transmitted 
to the left auricle and see-saAA' pulsation is seen on the right border. Occasionally 
tile left auricle enlarges to such an extent that it forms the Avhole of the right 
border of the heart, and we speak of aneurysmal dilatation of the left auricle 
(Fig. 29 ). The shape of the heart is then verj' similar to that seen in pericarditis 




with ch*plnccmpnt oftlio nnoplmj 
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mth effusion, and the differential diagno*ii8 by radiography may be impossible. 
In this advanced stage of the disease a pericardial effusion may be present. 
All cases of mitral stenosis show sooner or later hypersemia of the pulmonary 



Fic 30 — Calcification of the aortic \aIvcA. 

vessels. Assman suggests that early in mitral disease a distended pulmonary 
artery may squeeze the left upper lobe vein and cause hyperaimia localised 
to the left upper lobe. This appearance is quite different from that of true 
passive hyperaemia wliicb develops symmetrically in both lungs. The appear- 


VALVULAR DISEASES OF THE HEART 


47 


ances of passive hypersemia are of the gi’eatest importance both from the point of 
view of diagnosis and prognosis, and are discussed under a separate heading. 

AORTIC VALVULAR DISEASE 

X-ray examhiation in cases of aortic valvular disease is not so decisive as 
it is in cases of mitral disease. We are able bj^ radiology to define an aortic 
configuration of the heart, but tliis does not necessarily mean that the aortic 
valves are stenosed or incompetent. An aortic configuration of-the heart is as 
follows. In the postero-anterior view the aortic Imuckle is high and prominent 
and the descending part of the arch can Usually be seen Avell to the left of the 
spine. The pulmonary artery and conus pulmonahs are small and the shadow 
of the left ventricle is denser and better defined than usual. The apex of the 
heart usually lies well above the diaplmagm. On the right side the ascending 
part of the aorta projects out over the shadow of the superior vena cava. The 
right auricular shadow is unaltered or, if the left ventricle is hypertrophied and 
rotated, this right auricular shadow may move to the left and may be super- 
imposed on the spine. In ilie oblique views the whole course of the aorta is seen 
vith remarkable clarity, and the posterior mediastmal space is brilliantly 
illuminated. Careful search should be made for calcified plaques in the aorta 
or calcification of the aortic valves. The aortic configuration is frequently 
seen in elderly people vdth h5q)ertension and arteriosclerosis. Points in 
favour of regurgitation through the aortic valves are an increase in the size 
of the left ventricle and rapid forcible pulsation on both ventricle and aorta. 
Pomts in favour of stenosis of the aortic valves are no increase in size of the 
ventricle and very slow and forcible pulsation on both ventricle and aorta. 
In all cases of aortic disease the aortic impression on the cesophagus is increased. 

COMBINED MITRAL AND AORTIC DISEASE 

The X-ray appearances of a combined vahmlar lesion are characteristic. 
The heart has the mitral configuration vith a proininent conus and pulmonary 
artery, but hr addition the aorta is xuiduly prominent and conspicuous and 
dominates the picture. The right lower border (right auricle) is pushed out 
to the right and fairly forcible pulsation is visible on both borders. The 
shadow of the left auricle can seldom be seen in the postero-anterior ^^ew, and 
there is httle or no stasis visible in the pulmonary vessels. A barium sAvallow 
shows all four oesophageal impressions increased 'in depth. The heart in 
combined valvular lesions has been aptly described as being hke a cottage loaf. 

INTRACARDIAC CALCIFICATION 

Calcification of the milral and, aortic valves can be demonstrated radiograph- 
ically with good technique. Such calcification is comparatively common, and 
niay be demonstrated in all positions. The calcified valves appear as elliptical 
or sabre-shaped dense areas shoving a typical dancing movement on the 
screen. On a radiogram they are easily confused with calcification of-the costal 




oiiLuidi 



carfcUages, and cbn’fii’matioh of tile' diagiiosis, by screen examination is essential., ' 
Tlie ideal position for 'pictures of the calcification sliould be estimated on the . 
screen. The projection of choice according to Boesler is 15 to 20 degrees of . right ; 
anterior oblique rotation . ' Tl'^qsi/ja and Sosimn have demonstrated coronary artery ■ 



' Fig. 33. — ^Metastatic, calcification in the Keart. .The patient , was a young man who died , ■ . 
suddenly. No previous history of illness. iEtiologj’- milmown; Case of X)iv She©. . ' 

calcification in . three cases in vivo. - The plaques - were lihea;!’, segmontal, and : •, 
carved/.according to the direction of the vessels.; They, showed little or nov 
iiibyement ;and could only' be deteeted on lugh-speed radi,ograms.>.- The fact 
that most'individuals ydth extentive -atheroma, have 'calcified costal cartilages I 
malces the demonstration of true coronary plaques very difficult. ' ' " 

' '■ Xrh.’i— 4;y. ■ ' ; ' ‘ : 7’ ■ i 
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Calcification of the endocardinm is sometimes seen in cases of sub-aortic 
stenosis and calcification in tlie myocardium sometimes occurs in cases of 



generalised disturbance of calcium metabolism and rarely in cases of clironic 
sepsis. Calcification of the Ufl aitrich is very rate ; Fig. 34 appears to be the 
only radiographic record of such calcification. 


CHAPTER VI 

CONGENITAL DISEASES OF THE HEART 


It has been estimated by Schall and Dietlen that less than 50 per cent, of cases 
of congenital heart disease can be diagnosed radiologically. Tins is due 
partly to the difficulties in the way of successful X-ra}-- examination of young 
infants, and partly because many congenital lesions cause no alteration 
in the radiological size or shape of the heart. A third obstacle to X-ray diag- 
nosis is the frequency with wliicli acquired heart lesions are superimposed on 
congenital lesions. 

For practical purposes congenital heart lesions can be conveniently de- 
scribed under two beadings — viz. lesions in which there is no mixture of the 
arterial and venous streams, and lesions in Avhich there is a free mixture of the 
arterial and venous streams. 

LESIONS WITH NO MIXTURE OF ARTERIAL AND VENOUS STREAMS 

In tliis group we find characteristic radiological appearances in three 
lesions: (1) Dextrocardia. (2) Co-arctation of the aorta. (3) Transposition 
of the aorta. Idiopathic heart h 3 q)ei*trophy has been removed fi’om tliis group, 
as the evidence for a congenital aetiology is unsatisfactory. 

Dextrocardia 

Complete transposition of viscera is rare. The heart is normal in size and 
shape, and we see a mirror image of the normal. Karfagener has published a 
number of eases of associated broncliiecta.sis and transposition of viscera, and 
in one case followed by the author to autopsy there was a well-marked 
broncliiectasis present. The number of Kartagener’s cases precludes the 
possibility of coincidence, and it is hkely that the associated bronchiectasis 
should eventually lead to some dilatation of the conus pulmonalis in the trans- 
posed heart. Dextrocardia without transposition of the other yiscera is also 
rare, and in these cases there are usually other congenital lesions of the heart 
present. JRoeshr describes a true isolated dextrocardia Avith a mirror image 
of the heart. He believes that, despite the apparent^ normal contours of the 
transposed heart, other defects must be present. Li tAvo cases observed by 
the author the heart was transposed, but not the aorta. One of these patients 
died, and at autopsy a gross defect of the interventricular and interauricular 
septa Avas found. These latter defects were suspected clhiicaUy, but the X-ray 
examination revealed no evidence of them: a suiqu-ising fact, as there is usually a 
gross enlargement of the pulmonary arteries AAuth an interatrial defect (Fig. 35). 
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Co-arctation of the Aorta 

'v 

This is a not infrequent malformation of the aorta ^vhieh Js constricted at 
or just below the level of the ductus arteriosus. The degree of the stenosis 
determines the ‘X-ray appearances. In severe cases a collateral circulation is 
estabh.shed through the internal mammary and intercostal arteries, and tire 
latter vessels, dilated and tortuous from increased pressure, erode the inferior 
borders of the ribs on both sides. These rib erosioirs or notches were first 
described by BoesJer arrd are pathogiromonic of co-arctation. Boeslers notches 
must not be confused with the normal arterial furrows on the last inch of the 
posterior borders of the ribs. In sevei-e cases of stenosis, the actual strictm-e 
of the aorta can be visualised on good oblique views. As the stricture is 
usually just about the bifuieation of the trachea, this bifurcation can be seen 
with striking clarity. 

The left ventricle has increased work to do to force the blood tlirough the 
narrow vessels maldng the collateral circulation, and consequently h3per- 
trophies. In manj^ cases, however, there is no e\’idence at all of enlargement 
of the left ventricle, even when there is abundant evidence that the stricture 
of the aorta is very narrow (Pigs. 37 and 39 ). 

The ascending aorta is usually dilated and projects well to the right of the 
middle line. This dilatation of the ascending aorta mar’" assmue aneurysmal 
dimensions, and rapture of the ascending aorta is a not uncommon cause of 
death in these cases. Curiously’’ enough, the shadow of the aortic knuclde is 
usuallj’- absent or verj’’ small. This is probablj' accounted for bj' a dilatation 
of the innommate and subclavian arteries. In two cases seen b3'' the author 
there was a well-marked indentation on the oesophagus just above the level of 
the normal aortic indentation. At autops3' this indentation corresponded with 
a dilated left subclavian aiferv. In all cases of co-arctation of the aorta there 
is a defect of the middle coat of the arteries, and this is partl3' responsible for 
the formation of multiple aneurysms. Sucli aneurysms in the innominate and 
subclavian arteries can simulate turaorus of the superior mediastinum. 


Transposition of the Aorta ;; 

This condition seldom occurs as an isolated defect, but is fairl3’ frequently 
seen in association with other defects. Bedford and Parldmon have recentl3'' 
published an exhaustive paper on tins subject. Eleven cases'have come under 
their irotice. There are two trapes of tliis defect, one rare and -one common. 
In the commovcr type the ascending aorta is more or less central in position, 
and runs to the right of the trachea and over the right main bronchus. The 
descending part comes down inmiediatel3'^ behind the ascending part, passes 
behind the trachea, and then lower down crosses over to the right .side to pass 
normall3r tluough the diaphragm. Tliere may be a fairty obvious Icnuckle on 
the right side and there ma3' be a rdsible rudimentar3'' left aortic root at the .site ’ 
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of tlie normal Jinuelde on the left side. This primitive aortic root hes belund 
the oesophagns and displaces it /orn’ards. In cases of transposition of the 
aorta associated Avith other congenital defects, a dilated pnhnonary artery 
usually gives an obvious clue to the nature of the abnormal aortic shadow, but 
in uncomplicated cases a faLe diagnosis of mediastinal tumour is usually made. 



Fio. 39. — Co-aictation of the aorta. Atheroma of the ttecending noita below the stenosis. 

In the postero-anterior view the most strildng appearance is not the broad 
upper mediastinal shadow but the length of the aortic shadow on the^right side. 

The mistake usually made is to identify tliis shadow as the ascending aorta, 
but if it is closely studied it wiU be seen that it can be followed into the middle 
Une to a point weU below the site of the aortic valves. In the obhque vieAvs, of 
course, the diagnosis is obvious, for the whole abnormal course of the aorta 
can be followed, and a barium swallow ‘shows the .oesophagus to be displaced 
anteriorly. If the aorta becomes dilated or arteriosclerotic, the patient may 
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suffer from dysphagia. This anterior displacement of the oesophagus is almost 
pathognomonic of an aortic lesion, and the author can find no record of n medi- 
astinal tumour displacing the oasophagns in this fashion. 

The author has seen five cases of anterior displacement of the msophagus. 
Tu'o of these were cases of transposition of the aorta, one was an aneurysm, 
one was a case of spontaneous pneumothorax tvitli rupture of the mediastinum, 
and one a case of mediastinal aljsccss complicating puerperal sepsis. In the 
lare type of aortic transposition there is no persi.stencc of the left aortic root 
and the course of the resophagus appears normal. The right-sided course of 
the aorta can, however, be traced in the oblicluc views. 

Fcctal Esdocauditis is a verj' rare congenital condition. Jlost 
workers are sceptical as to the possibility of endocarditis occurring in 'itlero, 
but there is a remarkable specimen in the Royal Chest Hospital u hich can hardly 
be explained otherwise TJic sjiecimen is thP hc.nrt of a child aged 2 years, 
with sucli a severe tlcgree of mitral stenosis that a probe can hardly be passed 

sent. This child was examined radiologically, but/thcic was no X-ray evidence 
of alteration m the size or shape of the cnnlio*vascular shadow. • 

BiorsriD Aortic Valve is^H comiwmtively common congenital mal- 
formation, but there is no method of determining the presence of this defect 
in VIVO. 

LESIONS WITH FREE MIXTURE OF ARTERIAL AND VENOUS STREAMS 
These lesions are common, and many of them sliow radiological abnormal- 
ities of the cardio-vascular shadow. It must be emphasised, however, that 
there may be a serious congenital defect present without any radiological 
evidence of abnoriualitj’ of the heart. 

Patent Interventricular Septum {Syn. Maladie de Roger) 

TIus defect is comparatively common, both as an isolated lesion and in 
association with other congenital defects. A small interventricular defect is 
of no chmeal significance and causes no alteration in the X-ray appearances of 
the heart. A wide mtei'ventiicular defect usually results in an arterio-venous 
shunt, and as a secjuel to tliis the right ventricle enlarges and the pulmonary 
artery dilates. The aortic shadow is not altered, but the shadow of the 
suiierior vena cava may he enlarged and prominent. The main branches of the 
pulmonary artery may ho somew hat dilated. In a general way the heart shadow 
resembles that of mitial stenosis, but tlio ah^nce of enlargement of the left 
auricle ellininates tliis. Denele described synchronous pulsation of botli 
borders of the heart as a sign of a wide interventricular defect, but the value of 
tliis sign is doubtful, as we are now aware that ventricular pulsation is readily 
transmitted to the right amide. 
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Patent Interauricniar Defect 

This is an nncommon defect, but causes characteristic X-raj’’ apx)earances. 
There is gross enlargement of the right ventricle vdiich swings over to the 
left side,' the aorta is verj”^ small, and the conus and pulmonary artery 
are dilated.. Both main branches of the pulmonary artery are dilated, 
and on the right side tliis dilatation may reach anemysmal dimensions (Eig. 41). 
The smaller puhnonary vessels may be sclerotic and show up clearty, but 
the loss of lung translucency associated with true passive congestion is 
absent. Obhque Auews ma3’^ show some enlargement of the left axiricle. 
The api)earance is not unlilce that of aneurysmal dilatation of the left amide, 
but in the latter condition all the pulmonarj'' vessels are engorged, with loss of 
translucenc}'^ of the lungs, and the two main branches of the pulmonary artery 
never attain the enormous dimensions seen vith an interatrial defect. Not 
infi’equentty a pericardial effusion complicates or terminates an interatrial 
defect, but even a very large effusion does not obscm-e or account for the gross 
enlargement of the main pulmonarjf arteries (Eig. 40). These enlarged vessels 
are occasionally diagnosed as enlarged glands, and the condition has often 
been nffstalcen for Ayerza's disease, a much rarer condition. 

Patent Ductus Arteriosus 

This malformation is very commonlj’^ associated with other congenital 
lesions. It is characterised by a dilated pulmonary arteiy wliich decreases in 
size Avith forced inspiration and increases in size with forced expiration. 
Boesler xioints out that a very large patent ductus maj^ ])artiaHy obscure the 
normal aortic T\indow. With a small ductus the heart is not enlarged : 
vith a large ductus the heart is ittoderatelj'- enlarged to right and to left. 
Calcification often occms in the aorta and pulinonaiy arteiy where the ductus 
enters. 

Pulmonary Stenosis 

Tliis, like patent ductus, is rarel,y seen as an isolated defect. With a severe 
degree of stenosis the right ventricle is Jypertrophied and pushes to the left 
v'here it forms part of the left loAver i)ole, ghdng it a curious pointed aiipearance. 
There may' be a A’-ery deep indentation at the level of the pulmonary artery^, 
and Assman shoAVS by’- an ingenious series of measm'ements that the main 
branches of the xmlmonary artery are A’ery small, i.e. the hilar shadoAA’s aiipear 
minute. In other cases the main puhnonary trunlc may’ be normal or 
grossly’ dilated and the intrapulmonary’ vessels may also be normal. 

Fallot’s Tetralogy 

Tliis is a common and AA-ell-knoAA'n congenital lesion characterised by' severe 
cyanosis. If the subject of this malformation reaches puberty' or an adult 






Fio 4 1 — Fnllot M totralogv m a girl aged 16 No»e aortif configuration of the heart 
Ca\ity in the left upper lobe and tlironlc niiliar\ tubercuiosis 

pulmonary stenosis, ve7ilrtciilar septum defect, dexlro-posithn of the aortd, 
and hypertrophtj of the right ventricle. 

Tlie pulmonary stenosis pauses a deep indentation in the heart shadow at 
the level of the pulmonary artery, the ventricular septum defect plus the 
pulmonary stenosis cause hypertrophy of the right ventricle. This ventricle 
pushes the left ventricle to the left and upwards and may actually form a large 
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part of the left border of the heart. When it does this the apex of the heart 
can be seen raised well above the diaphragm. The aorta rides over the ventxi- 
cular defect and has the characteristic appearances of dexti'o-position. already 
described. The combination of these defects gives the heart a boot-shaped 
ajxpearance — ^the ccevr en sabot (Fig. 44). This shape is remarkably like the aortic 
configuration, and indeed an aortic configuration in a young subject should 
promptly excite suspicion of Fallot’s tetralogj'. Unlike the true aortic heart, 



Fig 45 — Cor triloculare. 


however, the aortic knuckle is not unduly prominent and the apex of the 
heart is raised much higher above the diaphragm than ever occurs with aortic 
disease. Oblique views clearly show that the chamber most affected is the 
right ventricle. There is some evidence for beliertng that pulmonary 
stenosis vith or vithout other defects predisposes to the development of 
pulmonaxy tuberculosis. 

There are many other gross congenital defects, such as transposition of the 
arterial trunks and complete absence of the intemmntricular septum, which 
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have not come within tlie scope of radiolog>% because the subjects of these 
defects seldom live more than a few days. In some of these defects, hou ever, 
life may be prolonged for months or even 3'ears, and the author lias published 
a case of cor triloculare mth characteristic X-ray appearances. The heart was 
considerabl3’ enlarged both to left and to right, there was obvious synchronous 
pulsation on both borders, and the heart gave the impression of haring an 
apex on each side. The aorta and pulmonary nrter}’ could not be identified 


Fia 46 —Cor triloriilaro (o) oliotm the sin^ile rieUt >rntnctc and (6) ithnws the nldlmcntBr^ 
left \oittricle. 


and the auricles appeared normal. These gross defects are of considerable 
academic interest, but it is the minor anomalies and their effect on the heart 
which merit most attention In all cases the condition of tlic pulmonary 
vessels should be closely studied. If tliese are persistently engorged, tJie 
prognosis fora long life is unfavourable Similarly, if the right ventricle is grossly 
enlarged, the prognosis is not very good. Tliese points are important, as both 
pulmonary stasis and enlargement of the right ventricle maj’ be present ivithout 
any clinical evidence of disease. In most patients witli a serious congenital 
lefect theie is a definite tendency to acquired endocarditis. 






CHAPTER VII 
THE AORTA 


THE NORMAL APPEARANCE 

It has already been mentioned that, in the jiostero-anterior view, the normal 
shadow of the ascending part of the arch of the aorta does not project as a 
conTex opacity on the right side. The ascending aorta and sujjcrior A’^ena cava 
emerge from the pericardial sac together. The Amna cava lies on an average 
half an inch more to the right than the aorta and its inner border is super- , 
imposed on the aorta. Thus the base of the Amscular shadoAv on the right;side 
is a combination shadow of vena cava and aorta. An inch to an inch and a 
half above tlie outlet from the pericardium the ascending aorta cmwes inAvards 
oyer the spine and is no longer visible in the postero-anterior vieAA^ The vena 
cava; on the other hand, svdngs shghtly outwards and becomes more visible 
as it nears the up^Der thoracic aperture. There are rare normal indiAdduals 
Avith narroAA’’ Amrtebras and relatiAmly large vessels in Avhom the Avhole course of 
the ascending aorta is clearly Adsible. In estimating abnormahties of the 
ascending aorta most Avorkers make use of the folloAAing , method ; Two 
parallel lines are draAAm on the right side, one along the vascular shadoAV 
and one along the shadoAv of the right auricle. The vascular line normally 
hes AA^ell inside the auricular hne. If the vascular line is as AAude as or AAuder than 
the auricular hne the ascending aorta is diseased. This rough and ready 
device is at times useful, but there are many fallacies in its application, 
notably in cases Avhere the ascending aorta is displaced outAA^ards by tuinoms, 
or AA'here tumom’s overlap and simulate the outhne of the vessel. 

On the left side the prominent aortic knuckle is situated nomially in the 
second interspace in men and a Uttle higher in AA'omen. No great significance 
can be attached to shght alterations either upAA'ards or dowTiwards, because the 
aorta is a relatively free organ in the mediastinum ; but AAode alterations in 
either direction are iJathological. The densit3’^ of the aortic knuckle is less than 
the shadoAv of the left ventricle. This standard of comparison is useful in 
estimating thickening of the aorta. 

The descending aorta examined radiologically is of tAA'o types. In the 
commoner tj-pe about an inch of the descending part is clearly visible just 
bcloAA’^ the knuckle — the remainder of tlie descending aorta is superimposed on 
the spinal shadoAv^ and is invisible. In the less common tjpe about a quarter 
of an inch of the lumen of the descendhig aorta projects to the left of the spine 
and is elearty visible inside the heart shadoAV as far as the diaphragm . It is seen 
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as a perfectly «>tniirrlit line parallel to the ‘spine. If it is seen as a conve.t Hn?, 
the aorta is fciule or pathological. If the pulsation of the normal aorta is studied 
closely on the screen, it n ill l)c noted that at the end of systole on the ventricle 
the aortic knuckle moves outwards ; i.e. the whole of the arch savings to the 
left during normal pulsation. Fairly forcible pulsation i« noted on the knuckle, 
hut, eveept m the rare ca^es alreadj* mentioned, true aortic pulsation cannot lx; 
hcen on the right vascular shadow. If the dcsi'cnding aorta is of the visible 
paravertebral tyjjc, no juilsation can lie detected on it on the screen, although 
if accurate radiograms are made in systole and diastole a slight outward 
deviation can he found In the ^y.stolic picture. 

In the first or right obll({UC view* the normal aortic arch is fairly clearly 
visible blit in thesecond or left oblifpie view the arch is not only ccjually clear, birt 
jtb relation'-lup to the trachea and pulmonary artery c.in lie accurately obbonci . 
For this reason the second oblique iiVieisto be preferred in examining the aorta 

In the eeeondobhque view there arc two translucent spaces, known as the aortic 

window (//oW;nfc7d)'''ndthcaortictrmnglc(P«rKnso« and Bedford). (S^ceFig'3) 
The aortic window is a comparatively small spare bounded alxive by the Jiiner 
concave border of the aortic arch, on the riglit by the imlmonary artcrj', an' 
below by the left nuncle. An unusually long left main branch of the pulinon 
arj’ artery may divide this window into an upper and lower oompartracn • 
The aoi tie triangle lies above the arch— its right border is formed by the e 
subclavian arterj’, Its jiostcrior bonier by the Bjiine, and its base by the op 
the aortic arch. Purhnson ami Bedford, wlio first drew* attention o ^ 
triangle, point out that It is a suiierlor aortic landmark to the aortic ’ 
becatisc it cannot be interfered w-itli by the tmclica or left pulmonary ar .• 

DYNAMIC WIDENING 

Dynamic widening of the aorta occurs in young people with 
aortic disease, and also in individuals with jiypertcnsion, althougj 
latter there are usually associated degenerative clianges. Dynamic wit 
characterised, in the iiostero-antcrior view, by n convex projection 
ascending part on the right side and a high prominent aortic knuc e o 
left side. ■ The density of the aortic knuckle is not increased and 
than the density of -the loft ventricle, which in both these conditions is 
enlarged to' the left. Abnormally forcible pulsation is visible o 
Jnnickle and the ascending part, and the knuckle lies more to the e 
the normal. As w iclening of the aorta must be accompanied by 
the arch ns a whole, we find that the aortic window is increased ant * 
triangle is decreased in the second oblique view*. 

ATHEROSCLEROSIS 

Normally with advancing age there is some loss of elasticity of * 
but it must be emphasised that enlargement of the lumen does no n 
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foTow. When the aorta loses its elasticity it naturally tends to stretch and 
ixiifoldj so that, instead of lying obhquely in the chest it suings round, arid one 
Isrlooking so to speak tlnrough a true arch. Tins unfolding of the .^aorta 
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increase in pnlsation or density. In atherosclerosis tlie aorta not only unfolds 
and elongates, but its density may bo considerably increased by calcareous 
deposits. In the postero-anterior view there is convex enlargement to 
the right, a high aortic knuckle and a dense paravertebral descending 
aorta uith a convex outer border. In both oblique views the dense arch 
is very clearly visible. In the firet oblique vicu the tliickened ascending 
part projects well into the rctiostcnml space. In tlic second obhquc 
view the aortic window is increaserl in size and tiio aortic triangle 
diminislied in size. The arch as a whole takes a wider curve, and the descend- 
ing part swuigs well back over the spine. As this ilcscending part must swing 
back again before it enters the abdomen, it may kink at one point (Fig. 47). 
Tills kinking is usually not very' prominent in true atherosclerosis, and a 
marked degiee of kinking usually means Bj^ilulis. In simiile atherosclerosis 
the aorta is not as a rule dilated, but in some long-standing cases there 
is slight general dilatation. 

SYPHILITIC AORTITIS 

The early diagnosis of syphilitic aortitis is of considerable importance, as 
there is reason for believing that the condition is amenable to sntisyphilitic 
treatment in its early stages. The fundamental lesion in vascular syphilis is 
replacement of the elastic tissue in the media by hbrons tissue, with compensa* 
tory thickening of tiie intima and adventitia. The condition is patchy, and 
although the patches maybe very extensive the aorta is never uniformly nor 
universally affected. It is obvious froni the pathology tliat ire must seek by 
radiography to demonstrate localised areas of bulging ivJiero the wall is weakened 
by the syphilitic infiltration. Tlio syphilitic aorta udtiens, but unless there 
is associated atherosclerosis it does not unfold and elongate. This absence of 
elongation is an important diagnostic point. 

It is generally agreed tliat the first radiographic sign of sypIuUtic aortitis is 
seen near the root of the aorta. In the postero-anterior view just above the Junc- 
tion of the cardiac and vascular shadows the ascending aorta juts out over the 
superior vena cava to form a dense convex opacity (Fig. 48). Such an appear- 
ance can of course be produced by atherosclerosis mth unfolding of tiie aorta, 
but the absence of such unfolding can be checked by observing the sliaiie and 
position of the aortic Itnuckle on the left side. In the second or left oblique 
view syphilitic aortitis produces cliaracteristic appearances. In the early 
cases, with involvement only of the ascending part, this part stands out clearly 
as a fusiform swelling gradually merging into the normal lumen. Another 
method of expressing this is to state that the anterior and posterior avails of the 
aorta do not run parallel to each other. Irrespective of the part of the aorta 
affected, loss of parallelism of the walls is diagnostic of syphilis. Pure 
atherosclerosis does not cause loss of parallelism (Fig. 51). 

In advanced cases of sypliilitie aortitis large areas of the vessel are involved 
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and it sliows general -vvidening. In such cases the shadow of the arch in the 
postero:anteri6r view rests like a cap on top of the heart shadow (Fig. oO). As 
often as not the shadow of the arch is greater than the shadow of the heart itself. 
K the aortic Talves are involved, the left ventricle inaj'-, of course, he seen to be 
considerably enlarged to the left, but it is not uncommon to see severe disease 
in the aorta A\ath the valves unaffected. Generally speaking, the sv’pMhtic 


Fig. 52, — Specific aortitis witli tho descending part of the arch chiefly involved. 

• ■ Male. Aet. 38. Diagnosis confirmed at autopsy. 

aorta is considerably increased in density, but increased density is not a- 
characteristic sign. In long-standing cases there is usualty some athero- 
sclerosis with visible calcified plaques and some degree of tmfolding and 
elongation of the aorta. It must be emiihasised that syphilitic aortitis 
produces no abnormal radiological signs in about 30 per cent, of cases. 

. ANEURYSM OF THE AORTA- i ^ 

Hon-syphilitic aneurj^sms of the aorta deem as a compheation of. ed- 
arctatioii of the aorta, and corise quen tty they inay be seen in young people. ' 
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In these rare cases the visibility of rib erosions (Rocsler’s sign) makes tlic 
diagnosis obvious. The vast majority of aortic aneurysms arc syphilitic in 
origin, are seldom seen below the age of 30 years, and usually after the ago of 
40. They may be large or small, sacculatetl or fusiform, round or oval, but 
they are all intimately connected witli the lumen of the vessel, and the demon- 
stration of this connection is the vital factor in differential diagnosis. In ail 
cases radiograms should be made in the postero-anterior, antero-posterior, 
right and left oblique and lateral diameters. The relationsliip of the normal 
part and of tbe abnormal swelling to the (icso[)hagu3 should also be carefully 
checked on the screen. The following well-known signs aro lielpful, but not 
infallible, aids to diagnosis : A large aneurj'sm is usually situated along the 
normal avis of the aorta — i e. the centre of the tumour usually lies along a line 
drawii from the aortic knuckle to the junction of the right auricle and ascenthng 
aorta. Expansile pulsation is a valuable .sign, but as most aneiirj'sms contain 
organised blood-clot tnie expansile pulsation is not often seen. Most aneuiysins 
are sharply defined, but in some cases a fairly rapid increasein size of ananeurysm 
provokes a pleural reaction and tbe outline, because of pleural odhesions, 
becomes rather ragged. In most cases of aneurysm the ascending aorta 
shows some degree of \videning, but again this is not an infallible sign, 
and the author has observed several cases of large aneurysms with the 
ascending aorta normal in size and outline (Fig. 52). Many aneurysms 
show sickle-shaped calcified plaques in their walls. Very few aneurysms erode 
the thoracic vertebrse Wlien erosion does occur, it is scon as concave defects 
in the anterior borders of the affected bodies. The discs escape because the 
condition is not a true destructive one, i.e. osteoclasts remove bone as a 
response to the constant irritation of pulsation and there are no osteoclasts 
in the intervertebral discs. 

Aneurysms of the Root of the Aorta 

Small aneurysms of the sinuses of Valsalva cannot be detected racliologically 
xmlesg they are densely calcified, and this is very unusual. A large aneurysm of 
the root of the aorta may project to tlie left side, and bulge out on the left 
border just below’ the aortic knuckle and in front of the pulmonary artery. 
It pushes the bifurcation of the tracbca backwards, but does not affect the 
(Esophagus. It may project so far forwards that it erodes the tliird, fourth, 
and fifth costal cartilages. The differential diagnosis from an aneurysm of the 
pulmonary artery is almost impossible, but the appearance of the smaller 
pulmonary arteries may help. These vessels are usually unaltered in aortic 
aneurysms and are (hlated with pulmonary artery aneury'sms. 

Aneurysms of the Ascending Aorta 

These are not very common and are usually large. An aneurysm of the 
ascending aorta appears as a dense shadow with a convex outer border project- 
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ing into the right lung field. It displaces the aortic knuckle upNv.g.rds and to the 
left, and the heart downwards and to the left. As a result of this douTiward 
displacement of the heart the lower margin of the aneurysm may apparently 
lie A\ell below the normal level of the aortic valves, and consequently gi^ms 
the impression that the tumour cannot possibly have arisen from the aorta. 
Tills fal.'^e impression may lead to erroneous diagnosis of dermoid cyst. 
Aneurysms of the ascending aorta usuallj- displace the cesoiihagus and trachea 
shghtlj'^ to the right side, but the}'’ do not compress these organs. 

Aneurysms of the Arch of the Aorta 

Small saccular aneurysms springing from the upper or lower boi’ders of the 
centre of the arch are usually comjiletely inrisible in the postero-anterior 
view. H sufficiently dense and containing calcium they can be visualised in 
the left oblique AueAv, an aneurysm of the upjier border obhteratmg the aortic 
triangle and an aneurysm of the loAver border narrowing the aortic window. 

Large aneurysms of the arch often give a characteristic peg-shaped appear- 
ance in the postero-anterior view', and in the left oblique view' such aneurysms 
narrow' both the aortic AA'indoAV and the aortic triangle. In some cases large 
aneurysms of the centre of the arch are accoinjianied by small poucMngs on the 
ascending and descending parts. These are the most difficult aneurysms to 
diagnose correctly, as the small pouchings produce a scalloped outline of the 
■upper mediastimmi remarkably hke the outline of a mass of enlarged glands. 
Perhaps the most useful method of differentiating beriveen a large aneurysm 
and a glandular tumour is the position of the cesophagus. Almost all aneurysms 
displace the 03sophagus and trachea ; such displacement rarely occurs with 
lymphadenomatous or lymphosarcomatous tumours. A test dose of X-rays 
to the mediastinum is also useful. Lymphadenomatous and hmiphosarooma- 
dtous tumours usually diminish rapid!}' in size under the influence of X-radiation. 

A substemal thyroid is occasionally mistaken for an aneurysm of the arch, 
but this error can be avoided by noting the level of the aortic knuckle. In 
aneurysm the aortic Imuckle is raised : in substemal thyroid it is depressed. 

Aneurysms of the Descending Thoracic Aorta 

These are usually easy to diagnose, as in such cases the AA'hole of the vessel 
becomes paravertebral and the relationship of the tumour to the lumen is 
visible in the postero-anterior A'iew'. “ Hard ’’ pictui'es are necessary in thess 
cases. j\Iost aneurysms of the descending thoracic aorta are fusiform in t}'pe 
and appear as oval opacities through the normal heart shadow'. In rare casee 
the aorta undergoes a sharp kink, and the aneurysm may then project on the 
right side and be virible through or outside the shadmv of the right auricle 
(Fig. 49). Small saccular aneurysms of the descending thoracic aorta are 
very imusual. 
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Dissecting Aneurysms of the Aorta 

These are practically impossible to diagnose radiolo^cally. In rare 
instances One sees a row of calcified plaques inside a thin bulging aortic shadow. 

Aneurysms of the Abdominal Aorta 

These aneinysms are often recognised radiologically by the presence of lime 
salts in their Avails. The calcium deiiosits in abdominal aortic aneurysms may 
be straight or slightlj’^ curved, and may he longitudinally or transversely to 
the spine. Granular calcification such as is seen in glands does not occur in 
these aneurysms. Large aneuiysms usually cause erosion of the 12th dorsal 
and 1st lumbar vertebrae. The chffeiential diagnosis from abdommal cysts is 
generally easy. The thoracic aorta invariably shows X-ray evidence of disease 
when there is an aneurysm of the abdominal aorta. 



CHAPTER VIII 
THE PERICARDIUM 

The normal pericardiiiin casts no sliadow, but in certain conditions the shape 
and size of the lieart are so altered that one can infer the presence of pericardial 
adhesions or fluid in the pericardial sac. 

PERICARDIAL ADHESIONS 

Extrapericardial Adhesions between the outer wall of the pericardium and 
the mediastinal pleura are very frec|uent and occur in many inflammatory 
diseases of the lungs, and also in association vith benign and malignant 
tumours of the lungs and mediastinum. These extrapericardial adhesions arc 
of little or no chmeal or radiological significance. Tliey may cause displacement 
of the heart, hut they do not interfere with its function or causo’it to enlarge. 
OeeasionaJly one sees tag-like projections from the cardiac outline ; these tags 
may represent pleuropericardial adhesions or areas of pleural thickening beliind 
or in front of the heart (Fig. 05). 

Intrapericardial Adhesions are often found at autopsy in many of 
heart disease, but unless intrapericardial adhesions are gross, they cannot be 
diagnosed by X-rays. Severe intra- and extrapericardial adhesions occur in 
the disease known as cAroaic adhesne incdiastinitis or Pick’s disease. In this 
condition the pericardium is comidernbly thickened and may be calcified. 

There areusuallythickmtrapencardialadhesionsandalso fibrous tissue formation 
in the mediastinum outside the jwricarclHim. The condition is sometimes accom- 
panied by polyserositis, and in two of three cases observed by the author there 
was evidence of a light pleural eiTnsioii. The symptoms depend on the degree 
of constriction of the heart and great vessels. In some cases there is pro- 
gressive Jieart failure u'ithout evidence of cnlar^ment and without murimira ; 
in otliers there are signs of constnetion of the superior and inferior vena cava, 
with enlargement of the hver, ascites (no enlargement of the spleen), and 
swelhng of the neck and face on bending down Occasionally only one of the 
two great veins may be constneted. 

In a severe case the heart has a characteristic pear-shape. Both borders 
are smooth and sharp in outline and the normal indentations are missing. 
Tlie smooth borders on either side run evenly into the aortic shadow, wliicU 
appears to be much shorter than normal. Engorgement of the superior vena 
cava may be clearly visible if this vessel is constricted. The transverse 
diameter of the heart is not necessarily enlarged, and pulsation on both borders is 
76 
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spaco anteriorly. History of loft-sidod pneumonia and pleurisy 
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feeble or completely absent. The jjulmonary vessels are not engorged, a striking 
feature when there is gross enlargement of the hver and ascites. These are the 
appearances m a' severe case, but there are mmor degrees in which there is 
considerable embarrassment of the chfciilation without any characteristic 
alteration in the shape of the heart or in its pulsations. It is sometimes possible 
to determme tlie existence of such adhesions* by demonstrating restriction of 
the moVemeirt of the heart as a whole in different positions and in different 
stages of resj)iration. The patient should be examined erect and supine, 'uith 
lateral and postero-anterior radiograms in both positions. In each jjosition 
two pictures should be taken, one in inspiration and one in expiration. Com- 
plete immobility of the heart durhig the phases of respiration suggests adhe- 
sions, the site of the adhesions being determined by the relative position of the 
heart to the diaphragin and the sternum in the various views. With anterior 
adhesions the heart rises votli the sternum during insi^iration and with dia- 
phragmatic adhesions the heart becomes longer and narrower vdth obliteration 
of the normal indentations on deep " uispiration. Retrocardiac adhesions 
usually give no radiological signs. Generall3' spealdng, these signs are not veiy 
rehable, but it is likely that X-raj”^ cinematograph}'' and kymography will make 
the diagnosis of pericardial adhesions much easier. 

PERICARDIAL CALCIFICATION 

In a small percentage of cases of Pick’s disease calcification takes place in 
the thickened pericardium. The calcium is usually laid down as thick plaques, 
and these may fuse to form a dense band around the whole of the heart shadow. 
In some cases the calcification may be limited to one or other side ; the general 
view is that calcification tends to be more extensive on the right side, but this 
was not so m three cases seen by the author, nor does a study of the radio- 
grams of jjericardial calcification in the textbooks substantiate this idea. 
The calcification can be seen in. the postero-anterior -view, but is best seen in 
the lateral views. It has- to be. differentiated from ' calcification of the left 
auricle and caleificatiorr of a cardiac arieurysm. .Calcification of the left auricle 
is, of course, limited to the auricle, arrd consequently best seen in the first 
obhque view. The plaques are easy to localise to the auricle, and in rro position 
can they be superimposed, on the anterior borders of the heart where one sees 
pericardial calcification. Calcification of a cardiac aneurysm is seen arourrd a 
small bulge just above the apex of the heart. The previous history of a coron- 
ary thrombosis in' such a case is an obvious guide to the correct diagnosis. 

/ PERICARDITIS WITH EFFUSION 

Pericarditis with effusion is common; It has-been estimated that between. 
300 and 400 c.c. of fluid must accumulate in the sac before it can be detected 
radiologically. It is held by those who do not beheve in acute dilatation of the 
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heart that en’oneous diagnoses of acute dilatation have been made as a result 
of rapid accumulation of fluid in the pericardial sac. It is doubtful, however, 
if 300 or 400 c.c. of fluid could accumulate in twenty-four hom’s without 
causmg death. This problem is complicated by the fact that j)ericardial 
effusions frequently comphcate enlargement of the heart, and we know that 
transudates into the iJericardial sac can be absorbed over a period of a few days. 
IMost peidcardial effusions, however, take weeks or even months to be absorbed 
if they do not end fatally. 

A large pericardial effusion causes considerable enlargement of the trans- 
verse diameter of the heart shadow, so that the transverse diameter is greater 
than the long diameter. It obliterates the normal contours and results in 
shortening of the vascular shadow, so that we see a very small aorta resting on 
top of a very large heart. Depending on the quantity of the fluid and the 
condition of the heart, pulsation is reduced or completelj’^ invisible. There 
may be no stasis in the pulmonary vessels, a useful point in the differential 
diagnosis from gross enlargement of the heart. RoesUr describes a A'^ery useful 
sign of effusion, namel}'^ distension of the posterior inferior recess. It is obvious 
that in the erect position fluid Anil accmnulate at the base of the pericardial 
sac. In*the right lateral AueAv the posterior inferior recess of the heart is usually 
seen as a straight border AAdth the concave inferior vena caAm running into it. 
A iDericardial effusion causes a convex bulguig of this area. The old idea that 
the eardio -phrenic angle was obliterated by a i?ericardial effusion has been shoAAm 
by radiology to be eironeous. 

There are a feAV rex^oits of locahsed pericardial effusions on the right side. 
The condition is very rare and its setiology unknoAni. It may be a A’'ariety of 
Pick's disease. A locahsed pericardial effusion causes a tumour sAvelhng 
arising usually from the right cardie border. The differential diagnosis fr-om 
a mediastinal dermoid cyst is impossible. Dichson Wright has described an 
interesting traumatic cyst of the pericardium. The cyst, AA'hich had a calcified 
border, was about the size of a tangerine and suptyimposed on the pulmonary 
artery and conus. It pulsated sjmchronously AAuth heart and artificial pneumo- 
thorax shoAAed it to be e.xtrapulmonary. The cyst Avas successfully removed 
and proved to be a blood cyst between the layers of the parietal pericardium. 
There AA'as a history of a seA’^ere blow from a hockey ball over the prseeordium. 

PNEUMOPERICARDIUM AND HYDROPNEUMOPERICARDIUM 

These are usually seen as sequels to paracentesis or mediastinitis. In the 
latter cases the primary cause of the mediastinitis is an inhaled foreign body 
or a septic groAvth of the oesophagus. The I'adiological diagnosis is simple. 
The gas-distended pericardial leaves are clearly A’isible on either side of the 
central heart shadoAv. The amphtude of the" pulsations of the heart is con- 
siderably increased and is transmitted to the fluid leA’-el at the base of the 
pexicardial sac. 
x-K. 1—6 
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TUMOURS OF THE PERICARDIUM 
There are no radiological dcsmptions of primary tumours of the peri- 
cardium. Mediastinal cysts and tumours are often attached to the peri- 
cardium and appear as oval or semicircular opacities projecting from the heart 
shadow. Malignant infiltration of the pericardium is not infrequent as a 
complication of carcinoma of the lung or secondary carcinoma of the medi- 
astinal glands. As a rule malignant infiltration of the pericardium is rapidly 
accompanied by the formation of a blood-stained effusion with tho character- 
istic appearances of an effusion. In a case of carcinoma of the Iting observed 
by the author the heart shadow slowly increased in size over a period of some 
months. The normal contours of the heart were not obliterated, and at no 
period was the shape of the heart suggestive of pericardial thickening or peri- 
cardial effusion. At autopsy the whole of the pericardium was found to be 
gross!}’ thickened, and there were less than 20 c.c. of blood-stained fluid in 
the sac. In another case of broncliial carcinoma, the growth became septic 
and perforated the pericardium. In IC days the transverse diameter of 
the heart increased in size by 4 cmt. Pulsation on both borders was normal. 
At autopsy the heart was found to be nonnni and there was a thick fibrinous 
pericarditis with no fluid. This is an instructive case as it shows that normal 
pulsation may be visible with a severe fibrinous pericarditis. 
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CHAPTER IX 

THE PULIMONARY ARTERY 
NORMAL APPEARANCES 

In ilie poslero-anierior vieio the normal pulmonary artery lies for its gi’eater 
part inside the central cardio-vascular shadow, hut a small portion may project 
into the left Imig field. Tliis small portion appears as an oval swelling just 
below the aortic knuclde. In the first oblique view the artery can be seen end-on 
as a dense round opacity just above the root of the aorta. Posterior to this 
round opacity lies the left main bronchus, which causes a slight normal 
indentation in the oesophagus. In the second oblique vieio only a small portion 
of the main pulmonary artery is ^dsible, but its main left branch can be seen 
runnhig transversely across the aortic window. The right and left main 
branches of the ptdmonary artery are cliiefly responsible for the Irilar shadows. 
The bronchi and pulmonary veins plaj' no material part in the production of 
the hilar shadows. 

The faster the speed at which the radiogj-am is taken, the clearer the 
definition of the arterial shadows ; but because nmnerous branches spring off 
in aU directions, the two main vessels are not seen as well-defined tubular 
shadows. The i 30 sition of the two main branches varies considerably, and in 
this connection it must be emphasised that the pulmonary vessels m vh-tue of 
their own elasticity and them elastic bed, the lungs, are capable of node ranges 
of movement. In the average che.st the main arteries jut into the lung fields 
almost at right angles to the central shadow and then tilt shghtly downwards 
and outwards. In long narrow chests tliis tilt is slightty exaggerated, and in 
broad chests the tilt is diminished. The arteries are lower duiing inspiration 
and liigher durmg expiration. The3'^ are also lugher in the prone than m the 
erect position. Irrespective of their height or angle of incUnation in the lungs 
the left main branch is always about half an inch liigher than the right. This 
relationship is constant except in certain diseases of the lungs, ivhen one or 
other vessel may be pulled upwards or domiwards bj’’ fibrous tissue. If" one 
branch is pulled up, its minor branches are seen to run straight domiAvards 
instead of obliqueR doiviiwards and outivards. If one branch is p)iilled or 
pushed down, its minor branches have a more concave direction and are 
crowded together. 

Assman, ivho has done considerable ivork on the shape, size, and direction 
of the main pulmonary arteries, has evolved an accm’ate sj^stem of measure- 
ment of their size. His figures have been obtained from radiogi’anis taken in 
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the erect position at a distance of 1*5 metres. He estimates the Midth of the 
average h ilnm between 11 and 14 nun., and states that anytliing over 15 mm. 
and below 10 mm. is pathological. 

ENLARGEMENT OF THE PULMONARY ARTERY 

Enlargement of the main pulmonary artery may be present without any 
alteration in its lesser branches, or may be associated with decrease or increase 
in size in them The condition of the smaller branches is determined by the 
nature of the disease causing enlargement of the main trunh. Enlargement of 
the main pulmonary artery is seen in the postero-anterior view as a largo 
semicircular swelling projecting over the left hilum, immeebately below the 
aorta. In tlie first oblique vieir an enlar;g«I pulmonary artery is seen as a 
round dense opacity, often pushing the left main bronchus downwards. Its 
increased size usually renders it greater in density tliiin the heart shadow itself 
in tliis position. If a barium swallow is given, it will be observed that the 
normal indentation of the left main bronchus on the ccsopbagus is increased. 

has shown that an enlarged pulmonary artery can compress the left 
upper lobe vein, and in the postero-anterior ww tliis may be seen as Increased 
vascularity and decreased translucency of that lobe. 

The causes of enlargement of the pulmonary arterj’ arc as follows : 

(1) CoNOE^^TAL Heart Dise.ase.— I n most cases with a very free admlvturo 
of the venous and arterial streams, the mnui trunk and its lesser branches are 
enlarged. In cases of pulmonary stenosis, the main trunk alone may bo dilated, 
and the lesser branches may lie normal or diminished in size. In cases of co* 
arctation and dextroposition of the aorta, the absence of the aortic knuckle on 
the left side gives a false impression of mcrease m size of the pulmonary arterj'. 

(2) ANEtTBYSJl OF TTiE PpinioNARY Artekv. — This is rare and is alwaj'S of 
syphilitic origin. A few proven cases are on record, and the following are the 
radiographic findings. The aneuiysm appears as a large semicirciilar tumour 
jutting out from the mediastinum just below the aortic Icmicklc. It hides the 
left lulum and may be big enough to conceal the aortic knuclcle. The tumour 
may or may not show vigorous pulsation. The vascular markings in the left 
lung are usually increased in size and density. As the tumour comes forward 
it may erode the costal cartilages above it. In the first oblique view the 
aneurysm bu/ges into the refrostemaf space, and postenbrfy it's pressure on 
left main bronchus causes a considerable increase in the depth of the left main 
bronchus impression on the cesophagus. In true aneurysm of the pulmonary 
artery there is usually less blood flowing into the right main branch, and 
consequently the right lulum shadow may measure less than 10 mm. Tlie 
differential diagnosis is from aneurysm of the root of the aorta, which, as 
previously mentioned, may project forwards and to the left over the pulmonary 
artery. Short of injecting some opaque substance into the aneuij'sm and 
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observing the direction it flo\Ys under the screen, there is no accurate method 
of differentiating between the two conditions. 

(3) Rtjpture OF AK Aortic Ai^eurysm into the Phlimohary Artery is 
most unusual. One case has been observed by Wimberger. Gross dilatation 
of the pulmonary artery followed the leakage. 

(4) Eisthea betw'eey the Pulmonary Artery and the Aorta may 



Eic. G5. — Tills IS probnblj' a true case of aneurysm of the pulmonary arteiy. Oblicpie view showed 
no dwplacoment of the cesopbagus or trachea, and a noi'mal descending aorta could bo visualised. 
The aneurysm eroded three iibs anteriorly and formed a large pulsatile swelling under the Skin. 
Aneurysm of a sinus of Valsalva cannot bo excluded for certain. Female. Act. 3C. V.R. -j — }- . 

occur as a result of syphilitic ulceration. The condition is mechanically the 
same as a patent ductus arteriosus. Li a case seen in the Royal Chest Hospital, 
there w'as gross dilatation of the pulmonary artery, enlargement of tlie right 
ventricle, and stasis in the lungs. All the smaller pulmonary vessels .showed 
degenerative changes, and there Avere large calcified plaques Ausible in the main 
tnmk. At autopsy it could not be determined whether the condition was 
syphilitic or congenital in origin. 
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(o) 3I1 TRAL Stenosis. — ^In this disease there ia usually considerable en- 
largement of the pulmonary artery and engorgement of its smaller hranche.s. 

(G) In All Cases or CoNOESmT: Failure, irrespective of the primarj' 
condition, there is slight enlargement of the pulmonary artery. 

(7) In Cases or Cardiac Enlabgbhent assoclited uttii Endocrine 
OR Deficiency Diseases there is usually some enlargement of the pulmonary 
artery. The enlargement may be consklerable, and is not associated with 
changes in the lesser branches. 

(8) In Asttoia, Emphysema, and Scoliosis tliere is often a djmamic 
sweUing of the pulmonary artery. 

(9) In All Chronic Infections or the Lungs there is some destruction 
of the vascular hed, and in addition the vessels uhich escape destruction may 
develop endarteritis. The combination of the tuo factors leads to swelling 
of the pulmonary artery and enlargement of the conus pulmonalis. In carci- 
noma of the lung a large branch, or even the main trunk, may bo constricted 
by growtii Avith consequent dilatation of the artery. 

Caki^cation of Otc pvlmoimry artery is not uncommon when the vessel has 
been enlarged for a considerable time. Such calcification is scon as sickle- 
shaped or semicircular plaques equally visible in the postero-anterior and 
first oblique views. 

HYPER./EMIA OF THE LUNGS 

So-called congestion of the lungs is n loose clinical term which might well 
be abandoned, because It embraces many iliverse conditions and often leads to 
confusion and false diagnoses. Hypersemia of the lungs may bo active or 
passive and may be local or generalised. 

Passive Hyperaemia arises when the flow of blood from the lungs to the left 
ventricle is impeded, the common causes being mitral stenosis and cardiac 
failure. In the initial stages of the condition only the pulmonary veins and 
capillaries arc engorged, but, as the right ventricle hypertrophies to overcome 
the resistance in the venous circulation, the pulmonary arteries also distend. 
When both sets of blood-vessels arc involved, transudation occurs into all the 
lymph-vessels, and finally in severe cases the bronchial arteries arc affected, 
with resultant cedema of the bronchial mucosa. 

The X-ray appearances vary enormously, because there are undoubtedly 
many types ami degrees af passive A ype r aum ra. Ia tha eormira/resd 
main hilum shadows are enlarged and less well defined than normal. Lobar 
vessels seen end-on may be as big as a pea and so dense that they are often 
erroneously interpreted as calcified glands. Tlie smaller branches are clearly 
visible right out to the edge of the chest wall, and as a result of swelling of 
the smaller vessels coupled with exudation into alveoli there is marked diminu- 
tion in the translucency of the lungs. It is impossible to get a pictnre with good 
contrast. On the screen the diaphr^matic movements are seen to be restricted. 
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and there is diminished exi)ansion in all parts of the lungs. If the lynij)haticS 
are engorged, apparent tliickening of the inter-lohar pleura can he visuahsed 
in all the fissures. This is due to swelling of the large tymphaties which 
comiect the parietal and visceral pleura tlu'ough the fissures. Occasionally the 
combination of swollen end*on vessels and alveoli filled with heart-failnre cells 
causes a miliary api^earance in both lungs. This miliary appearance can be 
remarkably like pneumonoconiosis or miliary tuberculosis, but can be differ- 
entiated from these conditions by the fact that the spots in the vascular disease 



Fig. 06. — Mitral stenosis with the miliarj- typo of passive hyporc'einia of the iung.s. 

decrease in size towards the periphery. In pneumonoconiosis and miliary 
tuberculosis there is never the marked loss of translucenc^' seen in passive 
hj'perremia of the lungs. 

Tliere is a rare type of passive hyperaemia of the lungs seen in some cases of 
mitral stenosis. Instead of the gross swelling of the hilar shadows and the 
coarse increased density and arborisation of the smaller vessels to the peri- 
phery, one sees a fairly fine mesh appearance radiating from the hila to every 
comer of the lungs. The striae are not so vdde as vessels and are denser and 
sharper in oxitline, and there is no marked decrease in the translueency of t 
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lung's. The appearances are identical in every respect with those seen in 
Ijinpliangitis carcinomatosa. malignant infiltration of all the lung lymphatics. 
The common type of passive hj’pera;raia seen in mitral stenosis seldom disappears 
completely xmder treatment, but tliia “ lymipliatic ” type does disappear com- 



Fic 67 — Mitral stenosis with the “lymphatic ” typo of passive hvpenvmia of the lungs. 


pletcly. The underlying pathology of this rare form of passive hyperteinia has 
not been discovered, but it is not improbable that it is a true lymphatic 
obstruction caused by an enlarged left auricle pressing on the thoracic and 
right IjTnphatic ducts. 

Localised passive hypertemia of the lungs occurs in the larger vessels about 
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the hila in the early stages of congestive heart failure. The swollen vessels are 
easy, to identify on good radiograms. This localised hypersemia is a sign of 
considerable importance, as it indicates impending failure long before chnical 
evidence of failure is suspected. In congestive heart failure all the previously 
described signs of passive hyperagmia are intensified and in addition fairly 


68. — Combined mitral and aortic- disease -with pericardial citusioix ^and 
resolving infarct at the right base.' , , ' „ ' ' 

large opaque areas are visible in the lungs near the roots. , These opacities are 
small areas of collapse, due partly to oedema of the bronchial mucosa and 
partly to compression of lobules bj’^ distended capillaries. Collapse of iobtiles 
occurs near the roots of the hmgs becarise that’ is the sitxiatioh of minimum ’ 
elasticity. Pleural effusions are, of course, a frequent complication of con-' 
gestive heart failure. Unlike the chronic pulmonaiy stasis tyen . in .mitral 
stenosis anfi congenital heart disease, the stasis -in congestive heart failure can 
disappear completelv under treatment. \ 




Fio 69 — Cardio-renal diseoiie. Sub-acuto <Bde]Tia of the lungs with atelectatic 
area in the Tight lower lobe 

latter being caused by excessive exudation into the alveoli. The peripheral 
parts of the hings are normally translucent. This condition can occur very 
rapidly and also disappear very rajndly under treatment. It is often comph- 
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cated bjr lisemoi)tysis. It is hardly a true passive hyperasmia, and is perhaps 
best described as subacute pulmonary oedema. 

Active Hyperaemia of the Lungs occurs in all inflammatory processes of the 
lungs and jfleura, and in such cases radiological signs of it are usually com- 
pletely obsciu’ed by the prnnary disease. It also follows inhalation of manj’^ 
poisonops gases and of steam. Although the immediate effect of inspiration 
of these substances is acute hyperaemia, bronchiolitis or broncho -pneumonia 
so quickly supervenes that the picture in these cases is that of- the secondary 
lesion. 

jVIechanical changes in the pressure relations in the alveoli also cause active 
hyperaemia {Kaujmann). Li ainnen Avho are flying at a great height and also 
m mountaineers the rarefaction of the air creates a negative pressure in the 
alveoli, and consequently an increased pressure in the capillaries, thus causing 
active hyperaemia wliich may lead to haemoptysis. Similarly, if a pfleural 
effusion compressing the lung is drawn off too quicldy, the induced negative 
pressure within the thorax may cause sufficient hyperaemia to lead to haemop- 
t5'sis. In circurristances such as these the hyperaemia is only temjiorary, and 
subsequent radiological findings are negative. 

Erom the radiologist's pomt of view the most important form of active 
hj’^peraemia is the so-called collateral or fluxionary hyperaemia, which occurs 
Avhen the circulation in a large area of lung tissue is obstructed. This is seen 
par excdhnce in the healthy lung in a case of artificial pneumothorax, and also 
in the healthy lung vdien the other side is compressed by a large pleural 
effusion. The X-ray appearances of this form of hyperaemia can be very 
misleading and closely resemble those of pulmonary tuberculosis. The 
swollen vessels cause slight general loss of translucency, and those which are 
projected obhquely and end-on are very hire foci of tuberculosis. Indeed, the 
resemblance may be so close that a differential diagnosis is impossible". 

Another fonn of hyperaemia which is very confusing to the radiologist is 
that which follows pneumonia and whooping-cough. Although chnical signs 
may be completely absent, X-ra5^ examination shows, that hyperaemia of the 
lung persists for some months after all subacute and acute lung infections. 
This manifests itself as loss of translucency, increase in size of the vessels, and 
dimirashed movements over the affected area. It can be easily identified in 
an adult giving a history of a recent pneumonia, but in children, where It is a 
constant sequel to broncho-pneumonia and bronchitis, it can easily be con- 
fused with broncliiectasis. The larger puhnonary vessels are most affected, 
and these, running side by side and clearly visible through the heart 
shadow, give an impression of dilated bronclii. Often a lipiodol is necessary 
to make the differential diagnosis, but the folloving point is of great help; 
In post-pneumonic hyperaemia there is rarely compensatory emphysejna. 
in basal bronchiectasis in children there is nearly always compen. ' ' ^ 

emphysema. 
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It is obvious that active hypcroimm must be present in some degree in all 
cases of pulmonary tuberculosis, and there is little doubt that tliis is often 
mistaken for recent tuberculous infiltration. 

Even the most experienced observers find difficulty in estimating tlie 
point at wliich tnie infiltration stops and hypermmia begins. Slost often one 
sees an upper zone the seat of chronic fibroid phtliisis %vitli cavitation, and below 
this and merging with it into the middle and lower zones an area of liyperaamia. 
If the tuhercnlous foci are of the so-called productive type, they appear as 
small comma-shaped nodules easily diflerentiated from a swollen vessel. The 
exudative tuberculous focus is usually bigger than an end-on vessel and also 
less well defined. Another helpful jwint is the fact that tuberculous foci tend 
to group themselves together and coalesce. 

French authors describe a primarj' bypersemia of the lung known as the 
maladie dt Woillez. Yoxaig and Beaumont believe that tliis is a mild or 
abortive pneumonia. In similar cases wliich have come under my own 
observ’ation the disease jiroved to be tlirombo-phlebitis migrans. 



CHAPTER. X 

THE PERIPHERAL VESSELS 


Tttr pEEiPHERAii vessels may be visualised directly if calciuru is deposited in 
tbeir vrails. Sucb ’ calcification is commonly seen in elderly people and in 
diabetics. It may also occur in any of the diseases associated •with general 


disturbance of the cal- 
cium metabohsm. The 
calcifibatmn , is , usually 
best seen in the legs and 
arms, and in 'theintenial 
ihac . arteries ; ^ Extensive 
calcification may be visi- 
ble without anj’' clinical 
evidence of interference 
•\rith the circulation, and 
indeed in cases of inter- 
mittent claudication and 
tluoinbo-angeitis oblit- 
erans calcification is 

- . I 

usually 'conspicupus by 
its; absence. In rare 
cases the splenic artery 
alone is susceptible to 
degenerative ■ changes. 
Arteriosclerotic an- 
eurysm, of the splenic 
artery may be symp- 
tomless until it rup- 
tures or ,may .be .asso- 
ciated -with left uj)per 
abdominal pain. Haffner 
has collected 86 cases 
from the hteratm-e. Of 
these, only 11 who were 
operated bn before rup- 
ture smwdved; and of the 
11 only 4 'were • correctly 
diagnosed before; opera- 
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tion. In the case illustrated in Eig. 72, the artery is diseased in its fiill length. 
Smaller aneurysms of the splenic artery appear as round, oval, or cylindrical 
calcifications in the region of the hilum of the spleen. The differential diagnosis 
is from calcified cysts or infarcts in the spleen, calcified glands, pancreatic 
stones, and aneurysm of the renal artery. 

The peripheral vessels can be examined in detail only if a radio-opaque 
solution is injected uito them. Tins procedure is known as vasography or 
arteriography. It has been practised much more on the Continent than iir 
England, and for complete details of the various methods the reader is referred 
to a recent excellent pubhcation by lleboul. The substances commonly used 
for injection are Thorotrast and the iodine compounds, Uroselectan B., Abrodil, 
and Tenebrjd. Thorotrast is a colloidal solution of thorium dioxide, harmless 
to the vessels but retained in the fiver, the spleen, and the bone marrow. 
It is a radioactive substance, and has been proven to be a carcmogenic agent 
in animals. For this reason its use in human subjects is being abandoned. 
The various iodine compounds are harmless in the vessels, but cause such in- 
tense pain on passing through the capillaries that they can only be injected 
under a general anaesthetic. Arteriography is still in an experimental stage, 
and there have been several unfortunate sequelae, such as gangrene of a limb 
and exacerbation of arteritis. Doubtless the possibility of such accidents wifi 
soon be eliminated, and the method vdll then be of great value both to clinician 
and surgeon. 

The chief value of arteriography is m the localisation of emboli, which 
appear either as complete block of a vessel or as an oval miilateral narrowing 
of the lumen. It is also valuable in localising small peripheral aneurysms and 
in differentiating betAveen spastic and organic vascular disease. In senile and 
diabetic arteritis arteriography sIioaa's the Amssels to be exceedingly tortuous and 
irregular, vith filling defects in their walls. They may be so reduced in size 
that they are threadlike. Lr thrombo-angeitis obliterans the calibre of the 
larger arteries is progressively diminished, the AA'aUs are irregular, but the 
A’^essels as a aaIioIc are not tortuous and there is a liberal collateral circulation. 

Arteriography has also been used in the study of the circulation in malignant 
tumours of the limbs, and around arthritic jomts and areas of osteomyelitis. 
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RESPIRATORY SYSTW 

CHAPTER XT 

RADIOLOGICiU. IX^^ESTIGATIOX OF THE CHEST 

The BADiOEOGiCAL investigation of the chest consists of two parts, fluoroscopy 
and radiograph}'. These are complementary to one another, and neither 
can safely be omitted. In a feAV rare cases the patient is so acutely ill that it is 
only possible to take radiograms as he lies in bed. In this case, if he caimot 
turn on to the side, a sufiiciont number of films must be taken ^rithout moving 
him, lateral and oblique films being made -with suitable displacement of the 
tube. In the great majority of cases, including bedside examinations with a 
portable apparatus, screen examination is practicable and essential. 

The special facilities which are provided in an X-ray department render it 
advisable that bed cases .should be brought there for exammation. The best 
procedure is to transport the bed on a special wheeled trolley. The head of the 
bed should be removable, .so that the patient may be examined sittmg up at the 
screening stand, which should be adapted to this purpose. The gi’eat majority 
of bed patients are examined in this way in the vviter's hospital practice. 

Bedside screen examination in the patient's home may be carried out very 
efficiently and completely udth a xwrtable apparatus if care is ej^ereised and a 
few simple arrangements are made beforehand. If the examination must be 
conducted in the daytime, the radiologist's eyes must be ” adapted,” and he 
should wear dark-red glasses for ten minutes before starting to screen the case. 
If the blinds and curtains of the room are drawn, and most of the light excluded 
by pinning up .sheets of bro%vn pai3er over the windows, quite adequate screen- 
ing may be carried out vith the helx) of a eryptoscope, wliich consists of a 
pyramidal light-tight box attached to a j)ortable fluorescent screen. If this 
is not available, an excellent substitute is found ha an ordinary dark cloth as 
used by photographers, or even, in case of emergency, a blanket. If the cloth 
encloses the observer’s head and the screen, he finds loimself in a light-tight 
tent, in winch it is easy to make a fluoroscopic examination. An experienced 
obsen'^er. who has acquhed by long practice under routine conditions the 
facility of quickly grasping the significance of what he sees on the screen, is 
then able, by screen examination in many planes, to come to a rapid decision 
as to the type of lesion present, and to plan his radiographic procedmes 
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accordmgly. The berious condition of most of these patients, and the need, in 
many cases, for early siii^ical inter\'ention, render it itnperativc tliat the 
examination should he controlled by fluoroscopy and that great pains should 
be taken ivith it. 

TECHNIQUE OF SCREEN EXAMINATIONS IN AMBULANT CASES 

The patient is instructed to remove the clotliing down to the waist, and 
must be provided with a dressing^own of light non-opaque material. Hospital 
cases should bring their clinical notes, and any previous films vhich are 
available. The radiologist should, if full notes aic not available, take a history 
of the case, and should make such clinical examination ns he considers will be 
of value as a preliminary to the radiological study. He need not be deterred 
therefrom by any feeling that he is usurping the function of the clinician. 
It is rather his duty to possess himself of any clues vhicli may help to make 
his examuiation more efficient and tlioroiigh. If he approaches the ca<!e at 
the outset from the same angle as his clinical colleague, and is aware of the 
clinical problem, he 'lill be more cautious in his interpretation, less liable to 
jump to conclusions, and less inclined to be satisfied u ith the obvious. If there 
is a discrepancy botnoen the clinical and the radiogmjdiic findings, this should 
increase his sense of responsibility and prompt liira to search for the cause of 
the discrepancy. In essence his task is to elicit and to evaluate the radio* 
logical signs. This task ho 'vill perform better if lie is not oblivious of the 
other physical signs. If tlie subsequent integration of clinical and radiological 
findings is made by personal consultation, the patient, the radiologist, and tlie 
clinician all gain mucli thereby. 

Whether the radiologist elects to make a clinical examination or not, lie 
V ill at least not omit to observe the following points, among others : d^’spno’a, 
cyanosis, clubbing of the fingers, tachycarilia, type and rate of resjiiration, 
deficient or altered lespiratory movement, cough and pain. He should 
examine the chest for deformities of the bony tiiorax, bcoliosi&, kyphosis, 
cervical ribs, tumours of ribs, breast or other soft parts, and should look for 
scars, oidema or local .swellings, enlarged veins, enlarged glands in the neck, 
axilla?, and groins, enlargement of the liver and sjileen. abdominal tumoiu’, 
ascites. Ho should note the size of the female bieasts, and whether one or 
both breasts have been rcmoverl. He should assess the general condition of 
the patient and his fitness for prolonged routine examination. If the patient 
IS not fit, the examination must be modified accordingly. 

Barium paste and fluid barium suspension should be at hand, since exarauia- 
tion of the mediastinum and of the heart and great vessels is incomplete unless 
the CESophagus is filled. In diapliragmatic displacements and hernia, ccsoplia- 
gectasia, thoracic stomach, and many other conditions, it is indispensable. 

A preliminary screening of the nasal sinuses is a useful procedure. Opacity 
of the maxillary antra may be thus detected and throw light upon an ob&cure 
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respirator}^ infection. If any abnormality is noted or suspected on clinical 
grounds, films sliould be talcen of tbe nasal sinuses. 

Under ordinary conditions tbe examination of tbe cbest is conducted ^\dtb 
tbe patient standing or, if unable to stand, sitting up. Lr tbe erect position 
tbe diaphragm descends more complete^ and tbe basal parts of tbe lung are 
better aerated. It is also easier to rotate tbe patient mto tbe obfique positions 
so essential to a complete stud}’- of tbe lungs and mediastinum, and fluid levels 
in ca’vdties or in tbe pleural sacs are more easily observed. Should tbe patient 
be tmable to maintain tbe erect position for a sufficiently long time, arrange- 
ments should be made to permit examination in tbe postero -anterior plane 
while be bes on the side. Li this way fltiid levels are readily demonstrated, 
and valuable additional information is obtained in some special cases of byclro- 
pneumotborax and subpbrenie abscess. 

Tbe examination commences with a general survey udtb fully open 
diaphragm-shutter while tbe patient breathes quietly. Note is taken of the 
general conformation of the cbest, tbe position of the heart and mediastinum, 
of tbe leaflets of the diaphragm, and of the diapluagmatic movements. Tbe 
patient is then instructed to inhale and exhale deeply and tbe observations are 
repeated, special attention being given to tbe “ air entry ’’ into different parts 
of tbe chest, as judged by tbe degree of illmnination on inspuation. Lispira- 
tory displacement of tbe mediastinal shadow to one side is looked for. jMinor 
degrees of such movement may easily be overlooked ; it is, however, an im- 
portant sign m bronchostenosis, and m pneumothorax. If one lung field remains 
bright on expiration, a pneumothorax or a valvular bronchial obstniction may 
be present. A partial pneuiuothorax may very readily be missed if it is con- 
fined to the surface and tbe lung is little collapsed. It is more easily seen 
during full expiration. Tbe observer should also note tbe marked difference 
of visibility of tbe lung vessel markmgs in bill inspiration and e.xi)iration. 
In forced expiration tbe}'^ almost entirely disappear. This observation teaches 
tbe lesson that tbe vi-sibifity of the lung marldngs is more a matter of contrast 
between them and tbe surrounding lung than of any intiinsic variation in 
density of the shadows themselves, and should emphasise the need for caution 
in maldng such a diagnosis as “ fibro.sis ’’ or “ inflammatory thickening of the 
lung stroma fi-om a radiogram. 

The chest is now gone over in detail, Awth the tube diaphragm closed down 
to a suitable size in order to gain contrast, A transverse slit is useful to com- 
pare the an- entry into opposite sides of the chest. The apices are again 
scrutinised vith deep breathing and coughing. The sternomastoid muscle , 
.should be displaced &om the apex with the finger or a suitable palpator. 
In the middle parts of the lung field it may be necessary to displace the breast 
or the pectoral muscle uith the hand, and a pendulous breast must alwa»' " 
lifted when the lower lung fields are under consideration. If fluid 
are suspected, the patient must be tilted from side to side in oiI 
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see whether the fluid hue remains horizontal and to difTerentiate from 
ribs or diaphragm. 

If at this stage an abnormal shadow has been noted in the lung field or 
mediastinum, the examination is now directed to its localisation. The follow- 
ing procedures are univ’ersally employed : 

Parallax Observations. — ^The patient is rotated about his vertical axis, and 
note is taken of the direction and rate of movement of the shadow or shadows 
relative to the normal structures, e.g. ribs, heart, and spine, and to one another. 
The ability to estimate the depth at wliich the shadows lie comes very quickly 
with practice. An alternative procedure, less often used, is to make the 
patient lean forwards or backwards alternately. This is useful in examining 
the apical regions ; the movement of the sliadow relative to the clavicles and 
ribs gives a fairly accurate idea of its depth. 

The Oblique Positions. — ^The patient is now rotated into one of the four 
standard oblique positions, which take their names from the position of 
the shoulders 

(1) Right AicrEnion Oblique ; right shoulder anterior, touching the 
screen or film. 

(2) Left Anterior Oblique , left shoulder anterior, touching the screen 
or film 

(3) Left Posterior Oduqud; left shoulder in contact with the screen. 

(4) Right Posterior Obuque ; right shoulder in contact with the screen. 

The posterior oblique views are valuable iu lower lobo lesions, esjiecially if 

atelectasis is present, since they disengage the shadow from that of the heart. 

The exact angle to which the patient is to be turned depends upon circum- 
stances. The variations in the normal are so greet that the correct angle for 
shoivmg the heart’s contours and the retrocardiac or posterior mediastinal 
clear space will bo different for each patient, and must be found by observation. 
Por a detailed description of the cardiac contours in the oblique views the reader 
is referred to the section on Radiology of the Heart. 

Films are taken when the most satisfactory position has been found. 

The Full Lateral Position. — ^The patient stands with the side to be examined 
towards the screen, and holds the arms fully extended above the head. This 
position should on no account be omitted. It is most valuable in shoiring 
the general disposition of the lobes and interlobar fissures, and therefore in 
localising a lesion to its correct lobo or segment of a lobe. It is, on the whole, 
the most useful view to supplement the standard postero-anterior view, since 
it carries into the field of ciest radiography the principle of “ tw’o view’s at 
right angles to one anotlier,” which is acknowledged in all other fields of 
radiography to be essential. In this connection Chapters V and on The 
Anatomy of the Lobes and of the Bronchi should be studied. 

Lateral View of the Lung Apices. — Tiif. apical regions are not well shown 
in the ordinary lateral view, because the shoulders obscure them. The 



R.ADTOLOGICAL EsTVESTlGATlOIs^ OF THE CHEST 


103 


Aviiter has described a method of avoiding this difficulty. The jiatient stands 
Anth the side to be examined toAvards the screen and raises this arm above 
the head. Tlie other arm is IcAA-ered to the side. The patient then leans 
sideAvays toAAwds the tube. The central ray enters aboA'e the cla\icle and 
emerges through tlie axilla of the side to be examined. The nearer apex 
is thus projected above the other and not superimposed upon it. This 
enables the an tero -posterior depth of an apical lesion to be estimated Avith 
considerable accuracy. 

Oblique Illumination of the Interlobar Fissures. — ^The main interlobar 
fissures slope steeply doArnAA-ards and forwards. Lesions Av'hich extend along 
these fissures, such as interlobar effusion, a pleural thickeinng. or an inflam- 
matory process of the adjoining lung, may be more clearly seen if the ray is 
directed along the plane of the fissure. This may be done by eleA^ating the 
tube, wlule the patient faces the screen, or more simply by making the patient 
lean baclwards into the holloAA'-back or “lordotic" position (Fig. 299). 

Examination of the Lateral and Posterior Costophrenic Sinuses. — ^These 
are examined while the patient is slowly rotatod from the anterior to the lateral 
position. The posterior loAA'er thirds of the loAA^er lobes, AA'hich in the posterior 
costophrenic angle lie beliind the summit of the diaphragm, may be shoAvui 
in an antero -posterior projection by raising the tube to the level of the patient’s 
cliin and directing the ray doTmA\-ards and backAV'ards. A somewhat similar 
projection, due to^ Albers-Schdnberg, is used to show the supraclavicular 
apex. It is u.sually carried out as a radiographic measure, AAoth the patient lying 
on the back. It has the effect of throAAung the shadows of the elaAucles doAvn- 
wards. During screening, a similar effect is obtained if the patient leans for- 
Avards in the facing position, the tube being centred oA’^er the' apices behind. 

Tangential View, — ^Lesions lying near the surface of the lung — ^for example, 
pleural thickenings or localised collections of fluid, pleui’al calcification, 
osteomyelitic and tuberculous abscess of the ribs — should be examined in 
tangential projection, the patient being sloA\dy rotated until the central ray 
grazes the surface at the point to be examined. Tliis method is used to 
differentiate lesions of the chest Avail and pleura from those of the Ixmg and in 
estimating the depth of the lesion. It should be combmed A\dth careful 
observation of the relativ^e moA^ements of the ribs and of the shadoAA'^ Avith 
respiration. In addition, care should be taken to exclude bony tumours of 
the scapula, e.g. exostosis, by maldng the patient raise the arm, so that the 
scapula moves relativelj’^ to the chest AvaU. 

Examination of Young Children. — Young cMldren are easily upset by 
screening, and it is better to reAWse the usual order and to begin Avith radio- 
graphy (postero-anterior and lateral films). The screening should then be 
carried out in spells, turning the room light on after each short spell. If the 
child is talked to in a quiet, matter-of-fact Avay durmg the screening, and 
given something definite to do, it soon conquers its nervousness. Children 
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below the age of 5 do not understand instructions to breathe deeply or to hold 
the breatli, but if told to “ blow,” they obey at once, and a good respiratory 
excursion of the diaphragm and good inflation of the lungs result. If they are 
told and shown how to “ puff the cheeks out,” they soon learn how to do it. 
By tliis action the chest is inflated and the respiratory movement arrested. 
The film is taken at this instant. Infants are usually examined in the recum- 
bent position, or may be held upright with the arms above the liead. If they 
ate crying, the filrri should be taken during the expiratory phase, when tlie 
diaphragm is moving relatively slowly. Various tj'pes of apparatus have been 
devised for holding an infant erect in a suspension frame, but they do not appear 
to have found general favour. Such apparatus is described and illustrated 
by Eiujd and Schall, and by IToorf. 

RADIGRAPHIC TECHNIQUE 

The normal postcro-anterior radiogram is taken mth the patient erect, 
facing the film. The ehouldere should be equidistant from the film and the 
clavicles parallel irith it. The arms may embrace the film-lioldcr, and this 
tends to throw the scapulro off the lung fields ; this object is even better 
obtained by making the patient stand with arms “akimbo,” the backs of 
the hands on hips and the elbows forwawls. Ex^iosuro is made in moderately 
deep inspiration. 

Technical Factors 

Distance. — Though a C-foot distance is essential for showing the heart 
inthout appreciable distortion, it need not be insisted upon for cliest radio- 
graphy. it has tlie advantage of placing the entire clicst in most cases on a 
15 X 12 film, but if it necessitates an unduly long exposure, it should be 
abandoned. When using apparatus of only moderate pouer, it is better to 
reduce the distance to 44 or even 4 feet in order to obtain short exposuic. 
Such radiograms are qm'tc satisfactory fioni a diagnostic point of view. 
Distances below 4 feet are less satisfactorj’ in practice. 

Time. — ^Thc technical factors should be such as to produce an exposure 
in less than a quarter of a second ; exposures of one-eighth of a second or less 
are preferable. Below one-eiglith of a second there is very little appreciable 
improYcmeiit in the quality of tiie radiogrsni. 

Penetration and Milija3ipekaoe — ^With the development of apparatus 
capable of giving 200 or more mtlllamperes at approximately 50 lulovolts, 
the modem trend has been to take a very “ soft ” typo of film. There is a 
tendency to overdo tins softness of penetration and to produce films which are 
imder-peuetrated and under-expos^ in the hope of showing very delicate 
lung detail or early patliologfcsd lesions. The ivriter believes that nothing is 
gained by so doing, and that a more fully exposed film is preferable. In very 
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soft films fine detail is more liable to be obscured b}'^ the ribs, and under- 
exposed films show a veiling of the lung detail by the soft parts, particularly 
in the apical and upper axillary regions, which is objectionable. If the experi- 
ment be made of definitely over-exirosing a film of a lung showing very fine 
pathological shadows and of viewing it by strong transmitted light, it vdll be 
foimd that a considerable degree of over-exposure is tolerable before the 
shadovs in question are rendered in-vdsible. A seriously mider-exposed film, 
on the other hand, cannot be made to show them whatever method of 
illumination is used. 

When deahng with gross opacities and especially with mediastinal lesions, 
aneurj'^sms, broncliial carcinomata, and similar conditions, considerable increase 
in penetration is essential, in order to show the trachea and to differentiate the 
densities composmg the central shadow. A Potter-Buck}’^ or Lyshohn grid 
must be used in many such cases. 

Stereoscopy 

Stereoscopic exammation of the lungs has enjoyed, and still enjoys, a 
greater vogue abroad than in tliis coimtiy. Li some clinics it is employed 
as a routine measure. The vuiter's experience is that, in deahng with the 
gross lesions of the lung and pleura, far more information is obtained by 
the usual method of examination in many planes, and that stereoscoi^y is 
disappointing. In the case of the finer infiltrations of the lung parenchyma 
it may be ver}'^ useful. Fine motthngs or patches of tuberculous exudate, 
bronchiectatic cavities, emphysematous blebs and bull®, and fine adhesions in 
pneumothorax can sometimes be more clearly visuahsed and more easily 
localised by tliis method. Expense can often be reduced b,y using a pair of 
smah fihns for stereoscopic exanunation of special regions, or for “ sample ’’ 
stereograms of small areas. The cassette-holder in the vTiters apparatus is 
pro^^ded Avith a set of adapters to take all the smaller sizes of film. '\Yhen 
opaque material, such as hpiodol, has been injected into sitiu.'^es or into the 
bronclii, the stereoscojAic pictures bear comparison vith those obtained in the 
skull and other bony parts, and are of undoubted value. In general, hoA\®ver, 
the reluctance of most radiologists to incur the additional expense of routine 
stereoscopic films is fully justified by exx)erience. 

LUNG TOMOGRAPHY 

Tomography (Planigraphy, Stratigraphy) is a recently developed 
method of radiography Avhich shows one selected plane or stratxnn of the 
body clearly defined, while bluning the shadoAvs of all structm-es lying 
outside that plane. This is accomplished by moAmig the tube and film 
simultaneously in oijposite directions, the tube and the film-carriers being 
coupled together by a pendulum or other means. Such aj)paratus has been 
developed by Bomge (1921), Zied-ses des Planfes (1921-1925), Yallebona (1933), 
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Orossrnann, and by the wTiter. Grossmann's apparatus consists of a pendulum 
carrynig the tube at its upper end, and the film-carrier at its loner end. The 
axis about nhich the pendulum rotates can be raised or lowered until it is in the 
same horizontal plane as the selected stratum in the patient’s body. The 
patient is lying horizontally during the exposure, nliich may be from one 
half-second up to several seconds. Grossmann has described his apparatus 
and the principle involved in the JJritisfe Journal o/ Radioloijy. 

The n liter has described a simple attacliincnt enabling tomograpliy to be 
carried out on anj' X-ray conch of tlie usual pattern : tlie tulie and the I’ottcr- 
Bucky carrier arc coupled together hy a simple lever, uhieh transmits the 
motion of the tube through connecting lods, reciprocally to the carriage. The 
desired stratum is selected by varying the position of the axis along the lever. 
The same principle, or a simple slotted lever, can be adapted to a vertical 
radiographic stand for carr3dng out chest tomography in the erect position. 

Applications of Tomography to Chest Examinations. — These have been 
Iirincipally studied abroad by Chaoul and Greiiieder. anti in this country by 
McDouffall and by the wTiter. 

(1) Norhal Lmro Anatomv. — A study of the anatomy of the pulmonary 
vessels and of the bronchi has been made by Oreiiieder. A series of 
tomograms through many planes allows the course of the vessels to be followed 
from their origin to tlieir termination and demonstrates their relations to one 
another. They stand out clearly in the lung field, undisturbed by tho 
shadows of the ribs or of the lung parenchyma. The arteries branch out freely 
from the mam pulmonary arteries from the upper Jiilum, tlie veins Ho to tho 
outer side and enter the left auricle posteriorly at a lower level. The cUnical 
value of this is that it facilitates the study of lobar anatomy in lobar lesions, 
since the vessels going to tbe different lobes can bo identified, and tbeir dis- 
placements by fibrosis or atelectasis of individual lobes can be more readily 
observed than in plain radiograms. (See Figs. 87 and 94.) 

(2) CA>TnES. — ^The method shows very clearly cavities invisible in ordinary 
xadiogiams, because it increases the contrast between the structures in the 
selected plane, which are held on the film throughout the exposure, and 
structures in other planes, which are blurred and diminished in density by 
the movement. Two lands of cavities may thus bo brought into prominence : 
(a) Thin-u'olhd cavilies, in tuberculous disease, which ate surrounded by normal 
or mottled lung fields, and (It) (kicli’Vxtlled cavities, or areas of Boftenmg and 
caseation, surrounded by dense consolidations, which are normally either 
difficult to be sure of or actually invisible. Not only may tlie existence of 
the cavities be thus proved, but vMuable information as to the character of 
their walls may be obtained. Many abscess cavities which in plain radiograms 
have shown merely a vague translucent area with a fluid level are proved by 
tomography to be multi-loctilar, or honeycomb-Hke, br to be partially diWded 
by septa projecting into their lumen. Portions of necrotic lung tissue lying 
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AHthiii abscess cavities can be sbovai. Modulation of the Avail of tbe caAdty, 
is sometimes a prominent feature in tomograms of malignant abscesses. The 
AATiter has oia several occasions succeeded in tracing the drainage bronchus 
into, an abscess cavdty in a tomogram, though the corresponding plain radio- 
gram had failed to sIioav it. If the bronclius, on the other hand, has been 







Fig. 73. — ^Righfc pneumothorax. Doubtful 
, . ' cavity' in right upper lobo. 


Tomogram of same case .showing 
cavity clearly. 


obstructed by grovdh, the tomogram, shows this very clearly AAdthout the use 
of lipiodol. Even the presence of a large effusion, causing complete opacity 
around the neoplastic lung, or gross atelectasis, is not an insuperable obstacle. 
The tomograph has in the Avriter's hands been of clistinct value in shoAAung 
bronchial obstruction in such cases. 


. ; THE LUNG PARENCHYMA 

The lung lobules are marked out on the surface of the Itmg in polyhedral 
areas of from one-quarter to three-quarters of an mch hi diameter, bounded 
by Imes of pigment. Within the lung the lobules are roughly pyramidal in 
shape and are separated by connective tissue septa which tend .to limit the 
spread of infection from one lobule to another, thus aeeoimting for the fan-hke, 
densities often observed radiographically. Fig. 75 sIioaa's aa^cII the lobules on 
the surface of the. lung in the middle lobe. - . ' \ 

Internal Structure of the Lobule. — This has been described lyy Lggnesse 
(1899).’; A.t .fhe. apex of the lobule there enters a .sublobular .bronchus, AAduch' 
rims tln'oiigh the middle of the lobule to a point near its centre, . AAhero it 





irkvil l»j jtteuTftl elTwHon Tomogram of the snnw oa'ic. roniplole 

stenosis of tho right bronchus (arrow) 
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cli\-ides into ^two intralobular brondii. giving off a number of collateral bronchi 
before clmding, whicb suppty the upper part of the lobule. The two main 
branches subcli^^de repeatedly and give rise to a number of small terminal 
bronchioles. Each of these • ends in a cluster of short branches bearing 
mnnerous alveoli. Each cluster is an acinus, so called from its resemblance 
to a bmich of gi'apes. (Fig. 76.) 

Internal Structure of an Acinus. — ^Each terminal bronchiole, about half a 
millimetre in diameter, divides into respiratory bronchioles, which have 



Fig. 7.3. — Middle lobe of tho lunii — inflated. To &ho\r lobule-, in. Piirface : the-polygonnl aieas, 
outlined by pigment, are the bases of tho pja-araidal lobules. Half actual si/o. 

alveoli on their walls, oxtening into the lumen. After a very short cour.'-'e 
of 1 or 2 mm. they may again subdivide into re.spiratory or *' transitional " 
bronchioles of the second order, or into alveolar pas^^ages. There are .slightly 
longer pas^iages devoid of cilia, but thickly beset with alveoli. These give off 
alveolar sacs, tvhich have a diameter varjung from one-fifth of a millimetre 
in the child to three-quarters of a milHmetre in the adult ; their v'alls consist 
of many alveoli. According to IF. JS. ^filler, the alveolar sacs arise from the 
alveolar pa'jsages (or “ alveolar ducts ’") through an intermediate stage of 
atria.'' Several atria are attached to each duct, and three to five alveolar 
sacs to each atrium. A complex of atria, alveolar sacs, and alveoli he terms a 
lU’imary lobule ’’ (sec Fig. 171). The minutite of these histological subdi%isions 
do not concern the radiologist, since they are too fine to be observed in a radio- 
gram of the lung. The conceptionmf the acinus has, however, found 'its way 
into the radiological literatm-e, esi^eciallj'' in Gennany, and, .since tlie acinus is a 
macroscopic entity, it is of some iinx^ortance. Loe-sMe described the acinp.'s'-ir’^ 
as that portion of the lung suxqhicd by the true terminal bronchus. This xr’ 



110 


RESPIRATORY SYSTEil 


of lung paronchyina is about one-qiuirter inch in diameter. Ilwfen’s acinus 
is a somewhat smaller unit, the respiratory bronchiole of the first order with 
all its branches, >vhile Grellimann restricts the term to the system of alveolar 
passages and alveolar ducts : his acinus is about one-eighth of an inch in 
diameter. Aschoff believes that the narrow point of the systeni of small air 
passages is in the first respiratory' broncliiole, and that micro-organisms tend 
to be arrested at this point ; the resulting lesions spread to the segment 


•s >s s Acinus 

Fto. 76 — Diagram . Lobule of lung and scinur X 8 (Lzjue««e) The lobule has a base of 
about 13 tom. Capacity 1 e.c. A, intralobular bronchiole. B, C, its roam divisions, e, e, 
collateral branches, e, s, s, septa luniting the subdiviatons of the lobulo. 


supplied by them. In this way arise small infiltrations which have rosette-hhe 
appearance. These are referred to aa “ acino-nodose ” lesions by Gerniau 
writers. Grcieff and Kvpftile have made' a comprehensive stutly of such 
lesions by comparing radiograms with post-mortem specimens in the same cases. 

In order to gain some idea of tho arrangement and dimensions of the 
terminal portions of the lung paienchyma wldch might serve as a basis for the 
radiological interpretation, the wnter has made a considerable number of 
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injectioiis of lipiodol into inflated Itmgs and lias studied these by stereoscopj^' 
and.; by photographic enlargement. One of these specimens, is illustrated in 
Kg. 79. ,In the ujiper part of the sjiecimen only the medium-sized bronchi are 
, , . , . , . filled. In the next .section 

.are seen niedium-sized 
bronclii -ndth a few colla- 
teral bronchioles of a to 
1 mm. in diameter. Below 
this is a section in wliich 
the respnatory bronchioles 
are commencing to fill, the 
general appearance resem- 
bling a tree in bud. Atten- 
tion is drawn to the upper 
part of this section, wliich 
gives the bronchial supply 
of an entire lobule. It 
reproduces ahiiost exactly 
the branchings seen in the 
diagram (Pig. 76) after 
Lagxiasse. In the lower 
part of the photograph the 
alveolar passages and some 
of the terminal alveoli are 
filled. The parenchyma, 
here is diidded up into 
units of about one-eighth 
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Fig. 77. — Specimen: Puimonaiy phthisis. In' the lower 
lobe multiple lesions, -showing rosotte-llke “ acinous,” 
groupings. in the distribution-of the terminal bronchioles. 


'Fig. 78.-Aa. small portion of the' ■ 
. same specimen’as Fig. 77 slightly' 
magnified, to sliOw rosette-forrns.' ' . 
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of an incix in diameter, each, of which represents an acinus 'of ’JDwfew, very 
nearly, , these units being usuall}^ grouped together in sets of fotii'l Ovung to, 
the divergence, of the respiratory bronchioles at right angles fo. one 'another, 
these gi’oups are frequently found hi. radiograms in the form- of ' af rosette, 
especially, when the.y lie xiear the surface of the lung' and 'are viewed in 
the axis of the terminal bronchiole. The individual petals of’ the ' rosette 
sometimes form a solid shadow, but may take the form of hollow 
rings giidng rise to the “ breadcrumb ” mottling of soine chrome tuber- - 
culous lesions. The rosette-like appearance is well bj:ought out hi , Fig. 77, 
which is a dravong Horn a specimen of acute tuberculous'broncho-pheunionia. 

Similar rosette -like markings are sometimes seen hi mihaiy carcinomatosis, 
broncho -pneumonia, pneumoconiosis, and in emphysematous areas' of lung 
near the surface in iniliaiy tuberculosis, chronic emphysema, and silicosis. 

It is somewhat unfortunate that so much confusion exists at the present . 
time in the nomenclature and description of the finer details of the lung 
parenchyma. Readers who deshe to obtain a more complete Icnowledge. of 
the subject should consult W. S. Miller's book, alreadj’’ referred to, and the 
discussion of the subject by Grelltmalm. 


CHAPTER XII 
THE CHEST WALLS 


Thk shadows, ou a cheat film should be studied m some definite order, for 
example : (1) chest walls (bony framework and soft parts) ; (2) diaphragm; 
(3) median shadows ; (4) hila ; (5) lungs and pleura. 

THE CLAVICLES, STERNUM, SCAPULA, AND SPINE 

Clavicles. — ^TJie sternal ends should be equidistant from the midline ; if 
not, the radiogram is not perfectly positioned or the chest is asymmctncal. A 
fine line along the upper border of clavicle Is due to skin. Tlie clavicles are 
absent, defective, or dinded In cleido-cranial dysostosis. 

Sternum. — The sternum is merged in the mcdi.an shadow. As a rule, only 
the upper, and occasionally the lateral, borders of the manubrium arc visible 
in the postero-antcrior film. The gladiolus does not show, unless the patient 
13 rotated slightly to one side, when its notched border may become visible. 
Deformity of the sternum may be noted in pigeon-chested individuals, and in 
certain trades, e.g. shoemakers, in wliomadeep depression oftlie louerstemum 
may bo found in the lateral view. In emphysema the sternum may ho markedly 
bowed forwards 

In the lateral view erosions of the sternum are best shoum ; usual causes 
are secondaryj carcinoma of the breast, tuberculosis, and osteomyelitis. Erosion 
of the sternum from within the chest may be caused by malignant tumours of 
the thymus and other mediastinal tumours, gumma, and aneurysm. 

Scapulae. — ^The shadows of the scapul® do not give rise to any difficulty in 
the postero-anterior film. This should always be taken in such a way as to 
throw them on to the outer part of the chest, either by directing the patient to 
put lus arms around the film-holder, or to stand with hands on the hips and 
the elbows rotated forwards into contact with the film support. 

In the lateral view the shadows of tlie scapul® are often troublesome. In 
this view the dense axillary borders of both scapul® are seen crossing the upper 
posterior part of the chest, and often puzzle the less experienced observer. 

Spine. — The spine is merged in the median shadow ; the individual verte- 
br® in properly exposed negatives arc nearly or quite invisible. Tlie interverte- 
bral spaces may just show. Scoliosis produces a projection of the sjjine to one 
side of the median shadow, often mistaken for tumour of the mediastinum- 
This applies also to the spindle-shaped or circular spinal abscess of Tott s 
disease. In the soft radiograms necessary for chest work, the bone detail does 
not show, and such shadows seem to be liart of the mediastinal shadow. 
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THE RIBS 

The ribs should slope symmetrical!}'’ on the two sides. In scoliotic chests 
they fall more steeply on the side of the concavity. In Potfs disease, -with 
vertebral collapse, they are closely spaced and convergent. Apart from spinal 
deformity, steeply sloping ribs vdth narrowed intercostal spaces indicate 
diminished lung volume on that side, from old or recent disease. The ribs are 
more horizontal, and the spaces Avidened in emphysema, pneumothorax, and 
large efiPusions. Anteriorly the ribs end well outside the midline. 

The cartilages, healthy or diseased, are inAOsible, unless calcified. Calci- 
fication in costal cartilages is common and not pathological. Hots of calcifica- 
tion in loAver costal cartilages slope upwards in fine AA-ith the descending shadows 
from the liila. and ma}' be mistaken for calcification in hilar glands. The first 
rib cartilage is the first to calcify, and the shadoAV may easily be mistaken for a 
calcified tuberculous apical lesion. 

Developmental Abnormalities of Ribs. — These occur in 1 per cent, of chest 
films. CerAUcal rib (bilateral in 70 per cent, of cases) usually occurs on the 
scA'enth cervical vertebra, but has been noted on others. It is seen in 0-4 per 
cent, of chest fihns, tAvice as often in women as in men. It varies in size from 
a small element fused A^'ith, or articulating AAuth, the transverse process, to a 
completely formed rib. It ma}’- fuse or articulate AA'ith the first rib, or have a 
free extremity. It sometimes consists of tAAo articulated portions. If it has a 
free end it is usually continued by a fibrous band, the point of attachment of 
AA'hich is often marked by a small elevation on the fibrst rib near its costo- 
chondral junction. If a large cervical rib is present, the first rib may jom the 
sternum at a loAA'er point than normally. The first thoracic rib ma}' have the 
characters of a cerAdcal rib on one or both sides ; a complete count of the cervical 
A'ertebrge is necessary to decide the point. 

Fusion or articulation of the first tAvo ribs with one another may occur. 
The variations are legion. In the other ribs many congenital abnormalities 
occur, such as: (1) absent or supemumerar}’’ ribs, Avith interpolated half- 
vertebrae, congenital scoliosis, and elevation of the scapula ; (2) fusion or 
articulation of tAvo or more ribs ; (3) splaying of the anterior ends ; (4) forldng 
of the anterior ends ; the space enclosed lA-itlnn the fork, projected on the chest, 
may simulate a carity in the lung. 

Diseases of the Ribs. — ^^lany diseases of ribs may be noted in the course of a 
chest examination, such as : 

Rickets. — Cupping and broadening of anterior ends ; Harrison’s sulcus 
(shoAA-n as a .slight concaAnty of the parietal Avails). 

Achoxdroplasia. — ^The ribs are coarse and broad, and abnormally curved, 

OsTEOGEKESis IMPERFECTA. — ^Abnormal curvature of the ribs and fracture. 

Paget’s Disease. — ^The ribs are abnormally dense. Sometimes only a feAv 
ribs, or cA’-en a single one, are affected. 
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Albers-Schonbero's Disease. — This usually affects all the ribs, wliich 
arc extremely dense. 

General or localised Rarefaction of the ribs occurs in (1) old age (senile 
osteoporosis) ; (2) fibrocystic disease ; (3) multiple myelomatosis ; (4) 

secondary carcinoma ; and (5) osteomalacia. 

Local Deformity or Nodular Enlargement of ribs occurs after fractures and 
after operation for empyema In the latter case the defect may be closed by 
bridges of bone joining the upper and lower margins, enclosing a rounded 
space, originally made by the drainage tuhe. This should not be mistaken for a 
cavity in lung 

Localised Erosions or Expansion of Ribs may be found in bone disease, 
primary or secondary, of the riba thciiisclvcs • sarcoma, carcinoma, hajmangio- 
endothelioma, guimna, chondroma, osteoma, cyst, osteomyelitis, tuberculosis. 

Rib Changes in Intrathoracic Disease. — From the point of view of intra- 
thoracic pathology, the following should be specially noted : 

(1) Notching or the Lower Margins op the Ribs, in coarctation of the 
aorta. The upper two or three ribs usually escape ; the fourth to the eighth 
are usually affected. The appearance of multiple shallow notches, duo to 
convoluted enlarged intercostal arteries, is distinctive, and in several instances 
has been the first sign leading to diagnosis of the condition. (Rocsler's sign.) 

(2) Localised Erosion of Bone, of an invasive character. This is useful 
in the differential diagnosis of malignant disease of the lung. It may result 
(a) from direct invasion of rib, via the pleura, by a carcinoma or otlier malignant 
tumour of the lung or pleura, or (b) by lymphatic spread from the mediastinum 
to the intercostal lymphatics, in bronchial carcinoma or malignant disease of 
the mediastinum. 

Tlie sign is also useful in the differentiation of actmomycosis (and other 
severe mycoses) from other inflammatory lesions. Actinomycosis tends to 
invade the ribs ; gimima may do so. Tuberculosis of tho lungs hardly ever 
spreads to the rib, but a tuberculous abscess of a nb, accompanied by erosion, 
may simulate a tumour of the pleura 

The posterior ends of the ribs may be eroded, and the rib apace widened, by 
neurmoraa arising from the spinal nerves (hour-glass tumour). 

Erosion of the first ribs may result from any malignant tumour at the 
apex of the lung. 

THE SOFT TISSUES OF THE CHEST WALL 

The Female Breasts cast marked shadow's, and vhen pendulous may com- 
pletely obscure tho base. ^Vhen one breast has been removed, the obscurity 
caused by the other simulates disease and is a certain trap for the unwary. Tlie 
nipple shadow is often seen. A shrunken carcinomatous breast produces an 
opacity resembling a lung tumour. At the apex unilateral obscurity may result 
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from an excess of fat, enlarged or calcified cervical glands, soft tissue swelling 
in tlie neck, or thyroid enlargement : diminished density, %vith a mottled 
appearance, from subcutaneous or intramuscular emphysema. 

Muscles. — ^The pectorals veil the upper chest and may be asymmetrically 
developed, causing a difference of translucency on the two sides. The stemo- 
mastoid often obscures one apex, especial!)’’ if the head is turned towards 
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nerve 


pleura 

vertebral 
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that side. 

Soft Tissue Shadows at the Apex. — ^There are several shadows often found 
at the ‘ normal apex which may puzzle the begiimer. The stemo-mastoid 
muscle, vith its sharp 
outer edge, obscures the 
imier j)art of the apex. 

Its edge traced do^vn- 
wards becomes contin- 
uous Avitli a fine line 
parallel •with the upper 
border of the claA’icle, due 
to the sldn dipping into 
the supraclavicular fossa. 

The “companion 
shadows ” of the first 
and second ribs are faint 
shadows sometimes found, 
along the lower borders' 
of these ribs. They have 
given rise to a good deal 
of speculation. They are 
due to the extrapleural 
tissues, and their appear- 
ance or non-appearance 
dei^ends simply on 
whether the apex of the 
lung is projected on to a 
space or on to a rib. The 
relation of the apex of the lung to the lower borders of the first and second ribs 
is variable, partly as a result of anatomical differences (e.g. Iryphosis) and partly 
owing to varying angles of projection. Kmitsson beheves the shadows accom- 
panying the second rib to be due to a special fold of pleura (“ Khutsson’s 
sheath ”), containing the superior intercostal artery and veins, the inferior 
cervical ganghon of the sj-mpathetie and the first dorsal nerve (Eig. 80). These 
relationships are of importance, since thej' explain the neurological signs (first 
dorsal nerve involvement and Homer’s syndrome) which may be formd in 
tumoins of the thoracic inlet. This space forms the medial part of the com- 
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Fig. 80. — Diagram ; Kelations and attacliments of the apical 
pleura (after Poirier). {Traite d' Anatomic Httmainc.) 
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panion shadow of the second rib. The pleural dome is closely bound to the 
first rib on the outer side of this. It is also fixed to the spine, and to the first 
nb by the pleurovertebral and the pleurocostal ligaments. 

Careful stereoscopic radiographic and anatomical study by Rd/wtjer shows 
that the apical dome of the pleura is usually more posterior than described by 
anatomists, often below the posterior end of the second rib and behind the 
posterior part of the first rib. The highest part of the ajiex of the lung does 
not, therefoie, lie in the thoracic ai>erture. 

The companion shadow of the second rib crosses the first rib and can be 
traced along the lateral thoracic wall as far as the third or fourth rib. Lower 
down it disappears ; but if tlie patient is turned so that the rays are tangential 
to the postero-lateral chest wall, a shadow is again seen on the inner side of the 
ribs, extending from rib to rib and clothing their inner surfaces ; it is due to 
the internal intercostal muscles, which in muscular subjects almost completely 
cover the inner surfaces of the posterior ribs (Kiitifsson). On tbe lateral and 
anterior parts of the chest, the greater part of the inner surfaces of tbe ribs 
IS not covered by intercostal muscle, but is bare ; this explains why the 
compamon shadow of the lower ribs Is invisible in nonnal anterior views, 
in which only the lateral walls arc tangential to tbe rays. 

It often happens that the companion shadow is seen on oiw side only. 
Tliis results from retraction of tbe lung ape.x, and may occur in any condition 
causing diminished lung volume ; the writer has noticed it in bronchial carci- 
noma wth bronchostenosis, pleural effusion, upper lobe consolidation, delaj’ccl 
resolution of pneumonia and pulmonary tuberculosis. It is a mistake to 
diagnose thickening of the apical pleura whenever tins shadow is seen, although 
such thickening is often present in association with apical tul>erculosis and fibro- 
sis. In the latter case the margin of the lung is usually crenated and puckered. 
In most instances of widened “ companion shadow *' the two layers of pleura are 
actually m apposition and nothing intervenes betw'een them. Although a 
pleural effusion may run right up the chest w'alJ and increase the depth of the 
companion shadow by arching over the ajiex, apical encysted effusion is rare. 

Bonniger has also showTi that there is another compamon shadow of tbe 
first nb Tliis is a faint shadow seen on the inner side of the descending part 
of the first rib. which it never crosses. Tlie shadow tapers to a point when 
traced downwards, and ends wliere the pleura becomes attached closely to the 
rib. Bonmger ex-pJains the shadow as follows ; stereoscopic studies which he 
has made, both m the living patient and in the cadaver, show' that the anterior 
pleural dome is separated from the posterior part of the dome by a slight 
furrow or groove. The point at which the images of these two dome-s 
overlap one another is sometimes marke<l in a radiogram by a sbght “ nick.’ 
Between the anterior dome and the first rib lies the compamon shadow' of the 
first rib (Boaiu'jer). Between the posicriw dome and the second rib lies the 
companion shadow’ of the second rib. 
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STrBCLA\T:AX Artery, — If tlie left border of the mediastinal shadow 
is traced upwards towards the apex, it arches outwards above the clavicle and 
gradually fades out. Assmann has shown by injection that this arching shadow 
corresponds with the position of the left subcla%aan arter5^ The shadow is due, 
not so much to the artery itself, but to the opacitj^ catised bj”- the indentation of 
the hing by the subclavian groove. This groove is deepest at the mediastinal 
edge of the hmg ; traced outwards, it rapidly becomes narrower and disappears 
as the artery and vein pass outw'ards on to the first rib. This explains the 
fading out of the subclavian shadow when traced outwards. The groove 
varies in depth in different subjects, so that the shadow is variable in density 
and often absent. 



CHAPTER XIII 
THE DIAPHRAGM 

In POSTEEO-ANTERIOR projection tlie normal diaphragm shows a well-defined 
bowline, convex upwards. The upper contour, variable in relation to tlic ribs 
(fourth to seventh costochondral junction), represents the highest part of the 
diaphragm, normally tlie anterior half or anterior third. Owing to the slope 
of the diaphragm dorniw-ards and backwards, the contour shown in any given 
radiogram will var}’ with the angle of inclmation of the rays, being merely tliat 
part to wbicli the rays are tangential. “ Diaphragm movement ” is usually 
assessed by noting the degree of niovcinent of the bow during postcro-anterior 
screening, and serves as a rough guide to diaphragmatic mobility . tliougli 
what 18 actually being obsen'ed is the movement of various parts of the 
diaphragm, as they successively become tangential to the rays. For complete 
examination, screening m the lateral and both oblicjue %*icws must be carried 
out m addition The lateral view may show the posterior halves to bo moring 
freely, though the summit moves but little. 

iocohsed limitation of movement, or loculisfil elevations and fixations of 
the diaphragm, should be looked for In tlicse projections. 

ANATOMICAL VARIATIONS OF CONTOUR 

On the right side the contour of the diaphragm may be divided into two or 
more arches, the outhnes of which appear to cross one another (Fig. 81). 
tVhen there ate two such arches, the inner is higher than the outer. It has 
been shown by Thomas that the former is antero median, and corresponds to 
tliat part of the diaiihragm m the neighbourhood of the inferior vena cava and 
right heart border, which limit, to some extent, its downward movement. He 
has also shmvn that it is separated from the rest of the diaphragm by a shallow 
groove, due to contraction of the largest and strongest diaphragmatic muscle 
fibres which run obliquely outwards and forwards from the vertebral colunm to 
the central tendon, and, in a continuation of the same Ime, hy those whicii 
reach the antero-lateral part of t lie tendon from the chest w all (eighth and ninth 
ribs). Tjie diaphragmatic muscle fibres covering the antero-median elevation 
are relatively short and weak. The groove becomes less obnoii-s, or disappears, 
when the diaphragmatic contraction relaxes in expiration. The anatomical 
basis of tills variation is described in ctetail by AsatHanii. 

Tlie antero-median dome thus produced sometimes projects strongly as a 
rounded elevation into the thorax, and may be mistaken for a tumour or cyst of 
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tlie liver. It is, lioAvever, exceedingly rare for a tumour to project in this way. 
Tumours or cysts of the liver usuall3’^ exert pressure in all directions on the 
semi-fluid liver substance, with the result that the liver is enlarged as a whole. 





Fig. 81. — -Diagram : (a) Domo-shapod elevation of medial half of diaplungm. (See text.) 
(6) Lateral view. Superimposition, of this upon the heart shadow in the lateral view may be 
mistaken for an interlobar effusion. 


and the right diaphragm is thereby raised, even as much as 6 inches above the 
left, but maintains its smooth arched contour without local nodulations. If 
the lesion is situated on the upper siuface of the liver it may, however, show a 



Fig. 82. — ^Diagram : INIuscular irregularitie-, of diaphragm contour, (a) Slips of oiigin from 
ribs ; (h) irregular contraction of the fibres. 


rounded local eleA’^ation. The antero-median part of the diaphragmatic dome, 
in the lateral view, overlaps the heart shaddtv, and the increased densitj’- 
thus produced may be mistaken for an interlobar efiusion, or even a con- 
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eolidated middle lobe (Fig. 8! (&)). Tlie mistake could oaly occur if screen 
examination had been omitted or had been perfunctorj'. Occasionally 
several furrova are present, due to localised contractions of slips of origin 
of the diaphragm. Tlie diaphragm contour is then divided into a 
number of small intercrossing arches. The furrovs converge upon the central 
tendon. In some normal individuals, in. fullest inspiration, and still more 
often in cases of emphysema, A\ith abnormally low diaphragms, the diaplirag- 
matic contour is divided into a number of horizontal segments, with a “ step- 
ladder ” arrangement (Fig. 82 (<z)). These horizontal lines nin inicarclsfrom the 
ribs, one from each rib, and are due to individual anterior and antero-lateral 
slips of ongin of the diaphragm ; they are normally present, but only seen 
when uncovered by an unusually low iiosition of the summit of the dome. This 
particular irregularity is often diagnosed incorrectly as being due to adhesions. 

In antero-posterior films of the chest ami upper abdomen the lower limit of 
the posterior cul-d^-sac is indicated by a slightly arched line some inches below 
the diaphragmatic dome. This line sometimes shows, near the spine on both 
sides, a shght elevation due to the upper poles of the kidneys, from which the 
pleural sacs are separated by the diaphragm. 

PATHOLOGICAL VARIATIONS OF CONTOUR 

The contour is often irregular. Adhesions may occur over a wide area, and 
breakup the normal bowline into an irregular series of fines and peaks (fibrosis, 
pneumoconiosis) More often the peaks are few and tent-shaped. These 
usually occur at the lower ends of the fissures, and result from organisation of 
pleural exudate there. Examination at suitable angles often shows that they 
are continued upwards as linear thickenings in the interlobar fissures. Tliey 
occur very frequently at the lower end of the main fissure, but are Bometimes 
visible at the anterior end of the minor fissure, and in the fissure of the infra- 
cardiac lobe Similar peaks may also bo present in the pericardium ex- 
tenthng into the fissures. Some “ tentings ” are thought to be due to traction 
of diseased and inextensible bronchi uiion tho diaphragm where the lung has 
become adherent 

Adhesions of diapliragm to the chest wall in tlie costophrenic cul-de.-sac are 
easily recognised. The outer part of the diaphragm remains fixed during 
inspnarioTi, ami the CDstapbremc an^e ia obYrterated. 

Adhesions in the posterior cvl-desac may be noted in the lateral view. The 
diaphragm runs upwards to meet the contour of the posterior chest wall, and 
the cvl-desac is obliterated (Fig. 94 (6)). 

As a rule these adhesions are the result of old inflammation and are symp- 
tomless. Occasionally they result from a recent diapliragmatic pleurisy and 
are accompanied by symptoms ; lower costal pain and tenderness, and pain in 
the shoulder, and cough. 
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PATHOLOGICAL VARIATIONS IN POSITION ' 

High Position of the Diaphragm. — ^TJie diaphragm is raised On one or hoiii 
sides in many SuB-DrAiniBAGMATic CoxditioisS, viz. Ascites, meteorism 
X)regnancy, abdominal tumour, cj^st or aliseess, enlarged spleen, renal tumour, 
jjerinephritic abscess. 

The IxTRATiiORAcrc Causes- are numerous. Apart from eongem'tal 
abnormalities, such as failure to develop an entire lobe, the cause is 
nearly always to be found in an acquired diminution of volume of a 
lung. Atelectasis, from coraiu-cssion of lung, or bronchial stenosis (neoplasm, 
foreign body) and fibrosis (tuberculosis, chronic interstitial pneumonia) are 
common causes. In commencing or small effusions, and in diaplrragmatic 
pleuris}^. the diaphragm is often fixed in the expiratorj^ position. In ifin-enic 
paralysis (poliomyelitis, jjarijilieral neuritis, compression by mediastinal 
tumour, etc.) and after phrenicectomy, the diax)hragm is raised and may show 
paradoxical movement. Tlie elcA-ation after x^hrenic evulsion is not veryc 
marked as a rule. 

Localised elevations of the dia])hragm may result from intrathoracic causes : 

In “collapsing" or “fibrosing" conditions of the anterior j)art of the left 
upper lobe, or of the middle lobe, the anterior paid of the diaphragm is raised ; 
in lower lobe lesions the posterior jiart. A very characteristic shape is noted in 
many cases of atelectasis (e.g. neoplasm of ux^per lobe, massive collapse), in 
which the diaphragm contour, usually the right, continues medially Avithout 
interraption on to the right heart border, tilling up the cardioplnenic angle. 

Low Position of the Diaphragm. — This may be bilateral or unilateral. 

{a) BiLATEmu. Depressio>* occurs in emphysema and in visceroptosis, 
file diaphragm is flattened out, and the costophrenic angle apxiroaches a 
right angle. 

{b) Ul^nATERAL Depression. — Pneumothorax, large effusions, and over- 
disteusion of the lung (for example in valvular obstruction of a bronchus 
by foreign body) depress the diaphragm on one side. On the left side a 
flattening of the “ raagenblase ’’ may be observed idth a large pleural effusion. 

DIAPHRAGMATIC MOVEMENTS 

On quiet breatlilng the range of moAmment of the dome is normally about 
three-quarters of an inch. On deep breathing about li-2 inches ; Avith forced 
breathing anything up to 3 inches ma 5 ’’ he obseiwed. 

In costal breathers the anterior attachments of the diapliragm' are carried 
upAvards by the ribs and the arch may be seen to rise, instead of falling, towards 
the end of a full inspiration. 

Observation of the diaphragm movement in children are more easily 
carried out if the child be instructed to “ bloAV ’ instead of to breathe deeply. 

This ensure.? full ventilation of tlie lung, since a full inspiration automatically 
precedes each “ hloAv.” A, 
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Bilateral Deficiency in Movement is ob-served in empliyscina, bilateral 
fibiosis, and in many of the aboTC-mentioned conditions which produce 
elevation. 

Unilateral Diminished Movement occurs as an early sign in pleurisy, clia- 
pliragmatic pleurisy, and subphrenic abscess, and is almost constantly found in 
extensive and chronic lung lesions. Lagging of one diaphragm is an expression 
of diminished movement. Both diaphragnta actually contract together, but 
the more active diaphragm is able to overcome tlie abdomuial pressure from the 
first, wliile in the diseased side the initial contraction, w orbing against abdominal 
pressure and a diseased lung, is insufficient to move the tendon appreciably, so 
that tlie healtliy leaflet is well on its way before the diseased one is seen to 
move. As ./Istmonn points out, in acute conditions (e.g. pleurisj’, acute 
cholecj-stitis, perinephritic abscess, peritonitis) diminished movement on the 
affected side is a protective reflex. In chronic conditions, such factors as 
pleural adhesions, bronchostenosis, and fibrosis of the lung doubtless play a 
part in hindenng free movement of the diaphragm on the affected side. The 
movement of the central tendon is restricted in any comlition associafed with a 
ngid mediastinum — especially in chronic mediastinitis and pericarditis (Pick’s 
disease). 

Paradoxical Movement. — An upwnnl moveruent of one leaflet of the 
diaphragm m mspiration occun, . 

(1) From overaotion of one diaphragm. Experimcntalli’, it is observed 
when one phrenic is stimulated with the faradic current. 

(2) In phremc paralysis or paresis. 

(3) In pneumothora.v. 

(4) In some cases of hernia and relaxation of the diapUr.xgm. 

The result is a “ see-saw ” action of the two leaves of the dinpliragm. The 
upward movement of the affected lialf is demonstrable if an inspiratory effort 
is made with closed mouth or nostrils (ns in Muller’s experiment) : in sonic 
cases it is brought out well by making a sudden short inspiratory sniff through 
the nose, with tlie moutli closed (mediastinal “ jerking ”). The principal 
factors in producing a paratloxical movement are. (1) weakness of the 
affected leaflet (plirenic paresis, or reflex inhibition) ; (2) diminished air entry 
into the lung of the same side, and (3) the decrease in intratlioracic pressure 
W’Mch results from inspiration.' 

DIAPHRAGMATIC HERNIA 

This is fully described in another section The condition may occasionally 
present itself as a chest lesion : when the lower part of the thorax contains air- 
filled hollow- viscera, or when it contains a solid viscus. In the former case the 
diagnosis is not immediately obvious. If the hernia contains the stomach, its 
wall may resemble the diaphragm, while the diaphragm itself, owing to the 6126 
of the defect in it, is indistinguishable as such. If the colon or small intestine 





(a) (6) 

’ Fig. 83. — (a) Diaphragmatic hernia of spleen. Rounded shadow at left base above the 
5 diapliragm due to spleen. (6) Lateral view. Rounded shadow of herniated spleen in posterior 
;; costophrenic angle. Operation. Recovery, 

In the rare instance of a solid viscus becoming prolapsed into the thorax, 
the appearances can be very puzzling, as in the follotring two cases seen by the 
%mter. ‘ ' . . 

(1) Herxta. of Splbex. — After a fall from his bicycle, the x^atient, a child 
i of 7, had abdominal pain and vomiting ; and during the next two months mild ' 
febrile attacks and a troublesome cough (Kg. 83), , ■ . , 

examination showed a circular opacity in the left hemithorax poster;, 

■' iorly. just above the diaphragm, with u'ell-defiued eontom's. The normal splenic .> 

j' opacity was not visible below the diaphragm. The %vriter gave an opinion that. 
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it was a diaphragmatic niptiirc witli herniation of the spleen. A small biibtle 
of air was noted on one occasion near tlie eliadow, thought to he a loop of 
herniated bowel, hut this could not be verified by opaque meal or enema. 
Operation showed a diaphragmatic hernia, witli a scrolls sac formed by fused 
peritoneum and pleura, which contained the spleen. This was replaced through 
the herniated orifice, which was 2i inches in diameter, and the patient made a 
good recovery. Tins case has been publi‘-hed by liryce and Gray. 



Fio. 84. — Diaphragmatic henna of hver ThotnaoguIarahB'low m the right chc»l is due to the 
liver Diaphragm ruptured bj injury. Operatioiicon(trme«l. Theh\ei:laymthepleuralcaM(y. 

(2) Hernia or Liver. — ^Following a severe crusliing injury, the patient 
a young man, was admitted acutely ill, Tlie X-ray examination showed^ 
a triangular opacity in the lower right chest, continuous with the lieart shadmy; 
Outside this w'as a clear band (a pneumotbora.x). The shadow was of greafer 
density than a collapsed lung of the same size. A diagnosis of diaphragmatic, 
rupture %vith liemia of liver and pneumothorax w’as made (Fig. 84). Subse- 
quent X-iay examination showed pneumoperitoneum to be present, as well as 
pneumothorax. The accidental pueumoperitoiieum enabled the writer to 
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Qh<miX' of tlie liver from ils nonne! po'-itirm. At u|V*nsi!o)« 
(Prof. iVJorley) llie eriliiY liver wa'^ found to h' hvrnintf’d into tlie plenral 
eavity tlnmiyh a rent in the diapliras^in. to (lie njjht of tlie hf-nn. The tear. 
nUout 4 3Ufhe& Ihroneh the tendon and nniFcie in a roughly nnfen>' 

po.«terior direction. After enlargement of the opening, the liver, the va^-enfir 
pcdif'lc of rvhicli wn^ intaet. vas returned to the abdomen. The prdicmi, 
hovever, ‘succumbed to hi.s injuriej?. 

TUMOURS OF THE DIAPHRAGM 

When A ronnded shadrov i.n Keen projecting upward.*’ from the diaphiugjn, 
prininry tumour of the diaphragm muf>t he consifleivd s'- a pnv..jinhty, The>-e 
are nire, veiy fe.u cakc*’ liaving been reported. An nncioliltt onsn wn*’ reported 
by Burt'iU~/Iohnr,<t and Jiro'iu . it aioKe from the po.«;tero-Knperior '-urface 
and measured 1 2 by b cm, Japoma of the diaphragtn Jja.K been demnn-tmted t>y 
fSktinr! and lUitk, demioidp by Hidhlow and Horrip^km. 
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CHAPTER XIV 
THE LXnJG FIELDS 

In STUDYrNO a normal postero-anterior radiogram, the right and left sides are 
distmgmsbed by the followong points : 

There are four chief landmarks on the left side and three on the right. On 
ihe left . (1) the prominent left heart bonier and apex ; (2) the prominence of 
the aortic arcli, continued into the descending aorta ; (3) the translucent air 
in the fundus of the stomach, or splenic flexure of the colon, immediately below 
the diaphragm ; and (4) the clear-cut upper border of the left liiluni (left pul- 
monary artery) m ith the left bronclms below it. On the right side : (1) the right 
diaphragm, higher than the left, \ritli the dense liver shadow below it ; (2) the 
indistinct upper border of the hllum ; (3) the hair-line of the right middle 
interlobar pleura, sometimes visible. 

Except in a case of transposition of tho viscera (easily recognised on screen 
examination) it is almost impossible that all these landmarks Mill fail simultane- 
ously, but uhen gross changes are present in one or both lungs, the landmarks 
may be reduced to one or two. 

THE HILAR AND PULMONARY SHADOWS 

On either side of the mediastinum lies a crescentic shadoiv of medium 
density — the Inlar shadow — n hicb on its outer side bieake up into fine branches 
which radiate out into the lung fields and can normally be traced to within 
about half an inch of the chest walls. All these shadows are mainly vascular 
in origin. For many years they were regarded with suspicion as pathological 
structures. Radiologists and physicians believed that any increase or supposed 
increase in the distinctness with whicli they could be seen must necessarily be 
interpreted in tenns of infiammatory or fihrotic peribronchial change. Even 
to-day, when their true nature is more generally understood, there is a tendency 
to read into such variations more than the facts would warrant, and the won! 
“ fibrosis ” springs all too readily to the mind in explanation of them. 

The evidence that the Inng shado^vs are due to ves«e!s is convincing, and 
may be here briefly recapitulated . 

Internal Evidence of Normal Radiograms. — (1) In the left hilum the upper- 
most structure is the left branch of the pulmonary artery. A considerable 
interval exists between its upper border and the upper border of the bronchus 
in the radiogram, and there is no structure other than the artery which cotdd 
cast tlus shadow. Taking this as a starting-point, it is quite easy to trace its 
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The Loweb Lobe is supplied by the rest of the 'descending branch. This 
hes along the outer gnd upper side of the hyparterial bronchus ^and of its 
branches, and gives off -three' branches winch descend, namely ventral, middle 
and mediastmal, and one which ascends, namely .the dorsal branch to the apex 
of the lower lobe. These accompany and‘rami^" ^vith corresponding bronchi. 

The Left Pulmonary Artery, passes obhquely backwards from the common 
stem mto the lung, dt is seen in the radiogi’am just below the aortic knob, 
and, as pointed out by 
Delherm and Chaperon, forms, 
the free crescentic upper 
margin of the left hilar 
shadow, above the domi- 
wardly curving left bronchus. 

In tliin people its shadow can 
be seen, on the screen,* to 
darken ■with each contraction 
of the heart, and tliis pulsa- 
tion can be traced oxitwards 
for a little distance into the 
lung field. 

In the left obhque view 
the shadow of the artery 
is seen passing backwards 
across the clear space below 
the aortic arch. 

Ai’ching over the left 
main bronchus, it di\ddes 
before it enters the Iiilum 
into several branches, usually’' 

three in number, and these _Dmgram : Pulmonaxj aitorv anclbioncln. The 

rapidly subdivide into nine Ijianches of the pnlmonaiy artery (black) he for tho most 
prmcipal branches of supply part above and to the outer bide of 'the bionclu which they 
to the left lung. Five go to accompnnv. At tho apices and extreme bases they aio 
,, , , ° shown m tho dingiam to tho innei hide of tho correspond- 

the upper lobe, namely ven- (^fter Narath ) 

tral. apical, and dorsal, as 

already desciibed in the right upper lobe, and two to the lower anterior part of 
the lobe. The last mentioned can be seen hr radiogi'ams as ctirved shadows to 
the outer side of the left heart border. In the lower lobe there are four 
branches, ventral, middle, and mediastmal (descending), and dorsal (ascending), 
as in the right lower lobe. 

Pulmonary Veins. — The airangement of the pulmonary veins in the 
peripheral parts of the lung is different from that in the central parts. In 
the peripheral parenchyma the veins do not run with the arteries, but are 
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situated in the septa %^liich unite several lobules into “ sublobes,” whereas the 
arteries ramify in the lobules. Throughout the finer divisions of the lung 
parenchynra this separation of the veins from the arteries is maintained, as 
IF. S. MtUer has shown. 

The veins and arteries come together at about the fourth bronchial bifurca- 
tion and are jnoro closely related, the veins lying anterior to and below the 



arteries. As they approach the hilmn they again become dissociated, the 
vems lying below and anterior to the arteries and diverging from them to enter 
the left auricle. The veins are not as a rule clearly distinguishable from the 
arterial trunk shadows in mdiogiamB, though the large vein from the lower lobe 
can sometimes he dimly made oat on the right side as it enters the losref pari nf 
the liiJum. It can be very clearly seen as a separate structure in this situation 
in tomograms of the lung in postero-anterior, lateral, and oblique viewi> 
{Chaoid, Grcintder) (Fig. 87). 


CHAPTER XV 

THE LOBES AXD INTERLOBAR FISSURES OF THE LUNGS 


Tied lvistgs are divided into lobes by deep fissures, wliich form tbe siu-faces of 
contact of tbe lobes. Each lobe is closely mvested with visceral pleura. At 
tbe bottom of each fissure tbis pleura is continuous -vvitb tbat covering tbe 
neigbbourmg lobes. During breatbmg tbe lobes glide ujion one another. 

Tbe fissures are of radiological importance in connection "witb (1) inter- 
lobar effusion ; (2) mteiiobar sclerosis ; and (3) limitation of consolidations 
at tbe mterlobes. 

It is important tliat tlieir anatomy should be visualised, (1) in connection 
witb tbe lobes, and (2) in connection wdtb tbeir bronchial suppty. In 
connection witli tbe lobes, it follows, from tbe descrijition of the interlobar 
fissures as tbe contact surfaces of tbe lobe, tbat their position and shape are 
determined by tbe position and shape of tbe lobes themselves. In tbe nonnal 
there are considerable variations in the depth to winch they penetrate, in tbeir 
inclination and cmwatures, and in their number. For tbe sake of clarity, 
they -will be considered first m a schematic and simple way, secondly tbe 
normal divergences from tbis simifie scheme, and normal variations will be 
considered. In textbooks of anatomy stress is laid rather upon tbe smTace 
mafkuigs of tbe interlobar fissures, tbat is, tbe interlobar incisuroi, on tbe sur- 
face of the lung. From a radiological vieA\’point, tbe actual shape of the surfaces 
(interlobar fissiires) is of more importance. 

SCHEMATIC CONSIDERATION OF THE INTERLOBAR FISSURES 

H a model of tbe lung were made, not yet diidded uito lobes, and 
viewed from the external aspect, the fissures could be imitated roughly in 
' tbe following manner : 

While tbe observer views the outer side of the model of one lung, let a knife 
be laid upon the dorsal surface some 3 inches below the apex, and an obfique 
cut be made dowmwards and forwards to the lower anterior margui : this 
would represent tbe oblique fissure. The incision would go right through to 
the mediastinal surface above the bmg root, but as the bilum region was 
( approached, tbe knife would be gradually vrithdravvn and its point would not 
cut into the root of the limg. Below' tbe liilum it w'ould again penetrate to tbe 
mediastmal surface. The effect of this slanting cut would be to divide the lung 
into an antero-superior half, and a postero-inferior half, held together by the ^ 
bilum and a bridge of undivnded parenchyma in tbe hilar region. This woVild ' 
represent rouglilv’’ the condition present in the left lung. In tbe right lung an 
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additional cut uould have to be made to represent tlie horizontal fissure. 
Entering the knife horizontally about half-way down the oblique fissure on the 
outer side, until its point reaelierl the bottom of the previous incision, the 
edge of the knife would bo turned forwards and a nearly horizontal incision 
made forwards to the front surface of tho lung. The point of the knife u ould 
not now penetrate the mediastinal siuface of the lung, except at its extreme 
anterior margin. This incision uould divide the middle lobe from the superior, 
leaving it connected to tho upper and lower lobes byhilarstnjcturcsaml paren- 
chymatous bridges. To complete the model, these fissures uould bo lined mth 
a “ pleural raentbrane ” closely investing the lobe.s thus demarcated, and con- 
tinuous uith the peripulmonal pleural investment of each lobe, allowing the 



forwards, showing upper part of main fis*ure, and middle fiasurp. (After and .9fAu- 

mac/icr ) 

surfaces of contact of adjacent lobes to glide freely over one another, and 
to separate easily. 

This simple scheme of the interlobar fissures fails to convoy the entire truth, 
and they must be studied in more detail. Krenzfuchs and Schumacher have 
made a careful study of the interlobar surfaces in forty autopsy specimens 
in children, and have described the normal shape of these surfaces, and the 
variations in the depth of the indsurse uhich may be met ndth. Fleischner 
lias carried the work farther in a study of the variations in position 
which occur in disease and the appearances produced by pleuritic processes 
affecting the fissmes. 

Shape of the Interlobar Surfaces 

Main Fissure . — On the left side the surface has a crescentic shape. On tlic 
right side it is an elongated semi-ellipse (Fig. 90 (e), (/)). 



(«) ((>) 

Fig. 89 .— Diagram : iledia&tinal suifaee of right lung (a) and left lung (b). The mam fissure 
reaches to a vaiiable distance from the hihim. The middle fissure is closed on the mediastinal 

surface. 





Fig. 90.-Diagram: Interlobar surfaces, (c. /) Tlie interlobar surface of Ion er lobes, right 
and left : the parenclmnatous budges uniting them to the upper lobes (shaded), (g h) Right 
^fiddle lobe m mtu : in 7i. a pleural bridge unites lower lobe to middle obe, foiming a 
... i_i ..ir..air.r. Ttint- traolc. (After Kreuzjuchs and 


lung. luiuuie looe m snu : »ii «. a- o- — - 

continuous surface, over which an interlobar effusion maj 
Schumacher.) 
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The Middle Inierlobar Space . — ^TliH is triiingiilar itli its apex directed for- 
wards. The inner side of tlie triangle (the line of reflection of interlobar 
pleura from middle to upper lobe) runs almost directly antero-postcriorly. 
The base of the triangle is formed by the junction of the middle fissure with the 
oblicpie fissure (Fig. 00 ig ) ). 

Variations in Depths of the Fissures 

The dejith of the fissures is very variable. In many cases {CO per cent., 
Schall and Hoffmann) the main fissure foils to reach the mediastinal surface, 

above or below the liilnm. 
This fissure may thus be 
closed on this surface by 
pleura, or by parenchjTim- 
toiis bridges of greater or 
less thickness (Fig. 01). This 
closure on the mediastinal 
surface occurs in about two- 
thirdsof the cases (upper part) 
and in five-8i.xths of the cases 
(loner part). Even on the 
diapliragmaticsurface closure 
may occurtownrdsthe media- 
stinal surface by a parenchy- 
matous bridge. The middle 
fiisure rarely reaches tlie 
mediastinal surface, and then 
only at its anterior end. The middle fissure and the main fissure may both 
be shallow, so that a continuous surface is formed by which an effusion 
starting ni the upper part of the main fissure is encouraged to track doivnwards 
on to the upper surface of the middle lobe. The same thing may occur if there 
is a bridge of pleura from upper surface of middle lobe to upper surface of Ion er 
lobe (Fig 00 (A) ). If the middle fissure is shallow, an effusion in it nill be 
found in the outer part of the lung field. If deep, the effusion may reach 
inn ards nearly to the lulum. Owing to the closure of the middle fissure on its 
meibastmal side, a mediastilial effusion docs not penetrate into it, whereas it 
frequently happens that a mediastinal effusion enters the main fissure (inedias- 
tino-interlobar effusion). 

Projection of the Incisurae on the Surfaces of the Lung 

If the incisura of the oblique figure is followed from its mediastinal surface 
above the hilum over the outer surface of the lung to its end on tho mediastinal 
surface below the hilum, it will be found that it rises steeply on the mediastinal 
surface and falls more obliquely on the outer side. On gaining the lower 



Fiu 01— Dingiftm Views of nnUi limps after 
reraoMil of upper lobe* Shaded . cut Kiirfnrt> of |>oren 
eliv imi uniting upper lobe to lower rtwI muklle lobe 
These bndpcB mav be inewte or narrow, and llie It-isurca 
rorre'pondinplv shallow or ilcep {Krtmjufh* and 
SehuiTiailier,) 
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-lovfnn nf tlie Kme it tiU’ns backwards along tbe diaphragmatic 

gal surface, vhere it ruus nearly -ticaUy — 

tl Mum. As a result, the upper.part of the interlohar surfoce of he otm 
lobe looks forwards and omoarls, whUe the lower part of the surface Jwk. 
forw'ards and inwavds. T\ 

Viewed from the side, 
these surfaces are 
t^visted relatively to 
one another like the 
blades of a propeller 
{Dieihn). 

The npiJer limit of 
the lower lobe on the 
posterior suidace of the 
lung is at the vertebral 
end, of the tliird rib 
(medial end of, spine of 
scapula). The main 
interlobe cuts the 
inferior margin opposite 
the lateral part of the 
sixth costal cartilage 
{Gunnwgliam). 

In the right lung the 
horizontal incisUra 
starts from the main 
incisura Adhere the latter 
crosses the posterior 
axillary line and ends' 

anteriorly at the level ^ 

of the ‘fourth costal 

cartilage. ' outwards m t le '.J^ ■^cric^ of cross f.cclions (ripht). 

The incisura reaches luug is rherea^rc pro- 

the lower anterior rotation of ‘J- 

margin of the right lung thcrcforo bo required to show it ( ge-on m to 

rather more than a . w Umo- tin’s noint is 

hands breadth from its anterior of the^ cardiac notch, 

nearer to the anterior margin, otvmg to the i - formed in its 

Abouf onccighth of the diaphragmatic b^cc of “X right 

antero-uicdian part by a very small poitron o PI diaphragm. 

Bide a rather ,a!ler part of the ^ » r^hm "uSa- ' 

This may account for as much as one-half P , rio-ht ' 

right lung, but is uBually mueh less in normal ohcsts. It hen the xy.t 
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lobe IS diminished in volume, the middle lol)e is di3])!aced upwards and for- 
wards, and the area of its diaphragmatic surface is correspondingly reduced. 
If the middle lobe is atelectatic, it usually ccase.s to have any contact with the 
diaphragm, and the lateral view shows it to have the form of a triangle, the 
base of wliich abuts on the anterior chest wall. If the lower lobe is atelectatic, 
on the other hand, the middle lobe is displaced backwards and the area of its 
diaphragmatic surface is increased. It is therefore n cause of error to expect 
to find the interlobar fissures in definitely fixed positions, or to map out the 
lobes with reference to surface landmarks only. 

Viewed from the side, the main ineisura of the riglit lung is not straight, but 
forms an angle, apex forwards, at the junction with the middle ineisura. Its 
upper part is more horizontal than on the left side. The left ineisura is usually 
straight, but may show a similar angulation. The principal fissure is steeper 
on the left side than on the right, making an angle of 00 degrees with the 
horizontal on the left side and about 50 degrees on the right. 

Curvature of the Interlobar Surfaces 

The Main Pisstoe. — I n addition to the tirist in the main fissure previously 
noted (propeller form) there is a curvature from side to side. This curve U 
convex upwards, imitating the curve of the diaphragm so that the lower lobe 
bulges into a concavity in the upper (L) or middle lobe (R). This is certainly 
true as regards the lower part of the fissure, and is readily observed in the 
hollow-back projection. The upper part is so difficult to observe that no 
definite statement can be made on tins point. In lungs, hardened in situ, 
Kreuzfiichs and Schimachtr found that this ivas variable, and that in many 
cases the upper half was concave upwauls, the upper lobe bulging into tlie lower 
lobe. Seen from the side, both part.s of the main fissure are concave upwards. 

Middle PissUre. — This is convex upwards from side to side. Seen from 
the side, it usually shows a double curve (S curve). Traced fonvards from the 
hilum level, it is first convex upwards, tlicn, near the anterior margin, concave 
upwards. At this point the upper lobe overlaps it. The general direction is 
horizontal, but m many cases in life there is a pronounced slope fonvards and 
downwards. 

Tlie double curvature may cause a duplication of the hair-line of the middle 
fissure in postero-anterior radiograms, if the ray becomes tangential to both 
portions of the curve. 


RADIOLOGY OF THE INTERLOBAR FISSURES 
Normal interlobar pleura, although thin, becomes directly visible in a 
radiogram if any considerable extent is struck tangentially by the rays. Radio- 
logists are familiar with the appearance of the horizontal fissure, so often seen in 
postero-anterior radiograms. Its frequent appearance in this projection is 
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readily understandable from Fig. 93. A bair-line in tliis situation may be seen 
in normal chests and has been found in new-born children. The conclusion of 
Tloiz, that its occim’ence in children is evidence of tuberculous infection, 
cannot be supported. 

The interlobar pleura of the main fissure is not visible in the poStero -anterior 
■^dow because it runs across the mys and not tangentially. Illumination along 
the interlobar fissure by raising the tube or by the adoption of the hoUow-back 
position m’U often render it visible. The lateral position often brings both 



" Fig. £)3.— Diagiam ; Tlic intorlolxu- fis'iurcs illiisfratocl schematically by caids. In the P.A 
view the midcllo llssuio, edge-on to tlio rays, casts a lino shadow. Tlie main iissuio, faco-on to 
the rays, is invisible. In tho latoinl view both fissuics, edgo-on, are visible. 

fissures into prominence, because in this position there is a high probability 
of a considerable extent of interlobar pleura rumiing in the line of the rays. 
It must, however, be remembered that the oblique fissures do not run in an 
exact coronal ifiane, and that the main fissure is normally twisted proi^eller- 
vdse ; also that the middle fissure may slope do^vnwards and outwards or 
upwards and outwards. Suitable degrees of rotation of the jiatient, or of inclina- 
tion of the jiatienfs body towards or away from the screen or film, maj'", there- 
fore, be necessary for best visualisation. Sometimes the twisting of a fissure 
may be visible, the twisted planes of interlobar pleura at different depths givmg 
an appearance described by Eider as the “ banner sign ” from its re- 
semblance to a pennant twisted by the wind. 

Whenever disease is present in the lung, the interlobar pleura is liable to be 
Ausibly thickened because it is richly supifiied with lymjihatic vessels, and 
these constitute the principal drainage chamiels from the peripulraonary pleirra 
towards the hilum. The nearer parenchymatous lesions are to an interlobai*'- 
surface, the greater the frequency of interlobar thickening. It is therefore 
found in most inflannnatory conditions of the lung, especially in pneumonia, 
and often in lung abscess, tuberculosis, and inalignant disease. It may also 
be observed m the “ back-pressiu-e ” lung of mitral stenosis in lateral films. 

The radiological demonstration of the interlobar fissures enables the radio- 
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logist to localise a gross lesion in its correct lobe, or part of a lobe, -\iitli great 
precision, but it is essential that the lateral view bo used to suppleineiit the 
postero-anterior, and moreover that the radiologist should not rely upon nhat 
Fleischner has called " blind radiogiaphy,” but should precede radiography by 
very careful fiuoros>co]iy at ever-varymg angles, until a most suitable position 
is found. 

Observations of the Interlobar Fissures in Atelectasis and Fibrosis. — Dis- 
placements of the interlolmr fissures in atclceta.sis of a lobe, or fibroiis. may 
alter the normal relationships to a remarkable e.rtent. It is common know- 
ledge that compensatory cmphyBcma of tlie unaffected lobe rapidly occurs and 
that the appearance in the i>ostero-antcrior view may be verj’ little altered. 
We may, for example, see a not very large triangular opacity at one apex, or a 
triangular opacity bordering the heart at one base, wtli an othersvise normally 
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Tio 91 — Dia^tram of ilio Mi^culnr nliatloKR a'* an nitl lo the st\nU of lobar 

coUapaei an»l fitjrersK (d) and Lower lobo <ellftp«e Tlio vaseulai kIiqiIows of lov.« 
lobe have tlioappeaied Tho remaimlcr Imre spread out funviHO The hilum is displaced 
backwaixU and the diephragm w elmatwl fKiKlenotly (t), fe) Upper lobe rollnpae or RbrosM 
Upper lobe lesse!^ uiMsible. Miildlo lobe (li.iplaecti upwuiiU 

translucent hemithoiax on this side. The beginner docs not readily associate 
with such appearances the tnie explanation, namely total atelectasis of the upper 
or the low er lobe respectively. Yet he can easily con^'ince himself that this is 
the true explanation by observing the position of the interlobar fissures. In tlie 
case of right upper lobe collapse, the horizontal fissure, pivotmg on the hduni, 
has swung from a horizontal into a steeply ascending position. In the case of 
the lower lobe collapse, the lateral view shows the oblicpic fissure to be dis- 
placed downwards and backwards. In the case of a mid-lobe collapse, the 
middle lobe in the lateral view occupies a narrow triangle in the low er anterior 
part of the chest. The emphysematous upper lobe bulges dow iiw ards over it, 
the lower lobe bulges forwards below it. 

If observation of the vascular trunk shadows is combined witli this observa- 
tion of the position of the interlobar fissures, a still clearer conception of the 
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atelectasis and compensatory emphysema is obtained. The trunk shadows 
must for this purpose be traced back to their points of emergence from the 
hilum. from which they radiate. These I'adiant points,” as the uTiter has 
elsewhere described them, are constant for each lobe, and can be memorised 
when the anatomy of the bronchi has been leained, for the vessel shadows run 
with tlie bronchi through tlie lung j)arenchyina. It will be found that the 
trmik shadows of the atelectatic lobe are lost in the obscurit}’- of this lobe, wliile 
the trmik shadows visible in the translucent part of the lung can be identified 
as belonging to the other lobes (Fig. 94). If the atelectasis is a partial one, 
affecting only a wedge-shaped area of one lobe, the tnmk shadows of the 
unaffected portion of that lobe can still be identified. 


ACCESSORY LOBES OF THE LUNGS 


Retrocardiac (Inferior Accessory) Lobe 

The tenitoiy supplied bj'" the retrocardiac bronchus on the right side, or by 
the corresponding branch of the anterior basal bronchus on the left side, may 



Fig. 95. — Diagram ; (a) Detrocaidiac (Infiatardiac) acccssoiy Jobo. (5) Diflerent positions m 
whtcli the fi^isure ot the lotroeardmo lobe may be seen 


exist as a separate lobe in man, as it docs in nearl}’- all quadrupeds. The right 
retrocardiac bronchus, originating about 1 cm. below the jiosterior horizontal 
bronchus, aerates the posterior tivo-thirds of tlie inner aspect of the lower lobe 
{Ewml). A somewhat smaller area i.s aerated by the corresponding bronchus 
on the left side. 

As a result of X-ray investigations Kerley has demonstrated the right retro- 
cardiac accessory lobe in the chimpanzee. In this ape it is constantl 3 ' present. 

Oraberger has drav n attention to the radiological appearances which may.be'-. 
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due to this lobe in health and disease. It is of interest (a) because its interlobar 
fissure may be visible, (6) because it gives rise, when atelectatic or consolidated, 
to a triangular shadow which has to be <\ifferentiated fronx otlier wmditiona, 
and (c) because :t is likely to be the seat of a bronchiectasis or congenital 
cystic condition. 

This lobe V as called by Owtn the Lobus Intpar, and by Broca Lobus Azygos. 
The latter term is inconvenient, since it may give rise to confusion v. ith the lobe 
of tlie azygos vein, noxv universally knouii to radiologists ns tbe “ azygos lobe.” 
Other names by which it is knorni to anatomists aro cardiac or infracardiac 
(Aeby), retrocardinc {Euari). inferior acccssoiy lobe {Bezlorzi/:). Tliis name, 
inferior accessory lobe, which it receivetl from Reztorzik. uho first described it 
in the human in ISGl, is distinctive enough for nil practical purjioses 

Anatojjy. — Tbe accessory lobe represents a wedge-shaped volume, of 
varying size, anterior to the pulmonary ligament, uith its base on the dia- 
phragm, and its apex at the loxver part of the lung root. Itsmcdiansurfaccforra 
part of the mediastinal surface of the lung, below tbe root. Its interlobar sur- 
face slopes upwards and inunrds to the root. It is sometimes completely 
developed, with a tongue-sliaped anterior extremity ; in other cases the divi- 
sion may ho partial, or even merely indicated on the surface by shallow fissures 
or indentations. 

rREQtTEXCv. — Tills lobe lias been found in 45 per cent, of 210 post-mortem 
lungs, either fully or partly devcloiicd {Schajfner). Radiologicnlly it has been 
found in 8 per cent of 500 xmselected radiograms. In two cases an azygos lobe 
was present as well. Bichards states that he found it only ten times in 2,000 
consecutive radiograms 

Radiological Appeahances. — Assmaytn described in lus book a case as 
follows ■ “ I saw in one ease a basal triangular paraverteVirol shadow (appar- 
ently due to an infiltrated inferior accessory lobe) on tbe left sido seen through 
the heart shadow', proved by rotation of the patient to be behind the heart, and 
therefore exactly resembling a Jeft-sidetl costo-mediastinnl pleurisy. Autopsy, 
however, revealed an infiltration confined to an abnormal third left lolie.” 

Ettiff and ScJionfield described a chronic pneumonia in a left -sided inferior 
acccssorj’ lobe. 

Graberger observed a case of pneumonic infiUration in this lobe wliicli 
cleared up in a few weeks, leaving only a faint interlobar line estenxUng down- 
wards to the diaphragm from tlic Iiilar region. 

This accessory interlobe will frequently' be seen in radiograms if carefully 
looked for It sometimes ends at the diaphragm in a triangular peak, similar 
to those to which the writer of this section, has drawn attention at the lowtr 
end of the main interlobe ; but the direction of the line is different in the 
two cases — namely upwards and inwards in the case of accessory fissure, 
upwards and outw arcis if due to the main fissure. 

Differential Diagnosis — Ab regards the difficult differential diagnosis 
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befrw'eeii an infiltrated accessory lobe and an anterior or posterior costo-xnedias- 
tinal exudate, Grabergar bebeves that — 

(a) The anterior encapsulated effusion ■will show a convex outer border. 

(b) The inferior accessory lobe sbovs a straight border. 

(c) The posterior costo-mediastinal pleural thickening wiU show a slightly 
concave border. 

In the case of (6), however, if atelectasis is present, a concave border vdll 
occur. 

Fleischier has also dravni attention to the difficulty in making the distinc- 
tion between a posterior costo-mediastinal thickening and consolidated acces- 
sory lobe. The movements on respiration may decide the point. The edge of 
a costo-mediastinal j)leurisy vuU preserve a constant relationship to the chest 
wall, while that of the accessor}'^ lobe null tend to move towards the midlhie on 
inspiration, being displaced bj’’ the inflation of the remainder of the lower lobe. 
Fleischner has also noted the variation in the direction of the fissme of this 
accessory lobe, in different degrees of development, and the need for suitable 
oblique illxunination in order to show it. 

Atelectasis of the lower lobe may be hard to distinguish from an accessory 
lobe. The observation of the bronchial trunks may give a clue. If the lower 
lobe trunks can be clearly identified, passing doxvnwards to the outer side of the 
shadow, the shadow must be due to an accessory lobe (or a pleural condition). 
In some cases only the use of lipiodol wfll enable one to decide whether the 
whole lower lobe bronchial supply or merely the retrocardiac bronchus is- 
included in the shadow. 

A basal triangular shadow should be carefully scrutinised for possible 
presence of bronchiectatic cavities witiun it. If atelectatic and containing 
bronchiectatic cavities, the case may be one of primary congenital atelectatic 
bronchiectasis. Lipiodol should be employed in order to make sure of the 
presence or absence of bronchiectasis in such a case, and to decide whether a 
fourth lobe or an entire lower lobe is involved. 

In the uniter’s opinion the majority of basal triangular shadows are due to 
acquired atelectasis of a lower lobe, a condition which is not uncommon in 
children, in whom the entire lower lobe or lobes may rapidly collapse to very 
small dimensions. Bronchiectasis can develop rapidly in such a collapsed lobe 
as a I'csult of subsequent infection. 

Richards has demonstrated bronchiectasis in this accessory lobe. Other 
cases are described bj’^ Kerhy, who has also seen a case of tuberculous 
infiltration iji it. Cases of malignant involvement of this lobe are also recorded. 

In the differential diagnosis must also be considered : 

(1) Enlargement of left ventricle. 

(2) Cold abscess of spine. 

(3) Para-oesophageal hernia. 

The line of the accessory interlobe may be simulated by that of a para^'i 
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CESophageal lieniia, in wliicli case the line is due to the stomach all, is thickci 
and usually convex outwanls, with a translucent air shadou' to the medial sid« 
in the right costophrenic angle 

TJio hernia is by no means obvious on the usual chest radiogram. Bariurr 
meal clears up the diagnosis. 

(4) An abnormally placed inferior vena cava filling the right cardiophrenic 
angle. 

(5) Abnormal pericardial fat. It Ims been shoivn by Kmtlz and Pinna 
that large extrapericardial fatty maascs may occur of sufficient size to simulate 
a small accessory lobe. With careful screening, however, the diagnosis should 
not be difficult. 

Posterior Accessory Lobe of the Lung 

Pohl states that this lobe, which occupies tho apex of the right lower lobe, is 
not a very rare anatomical variation. It corresponds with the distribution of 
the first dorsal bronchus, and originates as a result of non-fusion of tho right 
dorsal apical bud of the anlnge of the lower lobe bronchus with the rest of the 
lower lobe This bud is normally present from the fifth foital week on both 
sides, but fuses later with the remainder of the lower lobe (Keilel and J/all). 

Auatovy. — The horizontal cleft between upper and middle lobes is con- 
tinued backwards, sometimes without intemiption, at other times leaving a 
band of lung tissue, usually on the mediastinal side, wdiich connects the 
accessory lobe with the lower lobe. Rudimentan.’ forms occur in which there 
IS only a superficial indication of an accessory cleft. 

Radiological Appearances — If this lobe is infiltrated w ith pneumonia, a 
triangular dense area is seen in the lateral view , sharply limited on both sides, 
fading off in density towards the chest wall, which may bo mistaken for an 
interlobar effusion , which in this situation is not necessarily spindle-shaped. 
The writer has seen an effusion occupying the po.sterior upper end of the main 
interlobe, partlj' parietal and partly interlobar, which was wedge-shaped in 
the lateral vie>Y. In this case the diagnosis was given by its bulging upper and 
lower contours. It was confirmed by operation. 

A consobdation of tins region of the lung, or an interlobar effusion above or 
below the accessory lobe, shows a sliadow in the postero-anterior view at about 
the fifth or sixth posterior interspace, close to and often blending with the 
Jiiliira. Tins is a favourite area for the development of pneumonia in childhood ; 
many of the “ central ” or “ hilar ” pneumonias {so described) arc actually m 
tills territory of the lung, but have been incorrectly localised because no lateral 
riew was taken. 

Leviten and Bninn believe that this accessory lobo is of frequent occur- 
rence, basing their opimon upon the frequency with w'liich this sector of the 
lung may show isolated consolidation, or escape when the rest of tho lobe is 
consolidated. The writer agrees as to tlie frequency of such isolated involve- 
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ment, especially by abscess, but bebeves that this does not necessarily signify 
the presence of an accessory lobe. It is caused rather by limitation of the 
disease to the region supplied by the first dorsal bronchus, an area .u'hicli is 
separated from the rest of the lobe by an “ avascular ’’ zone (see Fig. 164). 
The miter has looked closety for e\’idence of sclerosis in an interlobar fissiu-e here 
for the last ten years, since becoming aware of the existence of this separate lobe, 
but has found this interlobar fissure to be exceedhigly rare, and has only 
observed it on two or three occasions. It is not necessary to assume the 
presence of an accessory lobe whenever an isolated sector of lung is dense, 
since this can be ampty explained by the bronchial distribution ; for other seg- 
ments of the fining, in wliich there is no kno-wn accessory lobe, may likemse 
present similar triangular densities when atelectatic or consolidated. 


Middle Lobe of the Left Lung 

The region supplied by the ventral (“middle ”) branch of the left upper 
lobe bronchus is the homologue of the right middle lobe, and is in fact demar- 
cated from the rest of the lobe by a relatively avascular zone. A fis.sure some- 
times occurs which separates it off as a left middle lobe ; this fissure is usually 
incomplete, and merely indicated on the surface by a slight furrow. A case 
has been described in the anatomical literature by Maylard. No instance of 
radiological recognition of this accessory lobe is knoum to the writer. 


Accessory Azygos Lobe 

Devblobjient.— In early embryonic life the azygos vein runs over the. 
right apex, but as the latter grows upwards, the vein is pulled down by the 



(Cl) 




Fig. 90. — Diagram : Formation of the accessory azygos Jobe. (Lobo of the azygos vein.) 
(a) and (ii) The vein normnllj' becomes displaced to the inner side of the growing lung, 
(c) and (d) If this displacement is arrested, the vein becomes embedded in the groiving lung, 
earrjnng with it a fold of parietal pleura. 


heart on to the medial side of the apex and finally arches over the lung root. 
If this gliding movement is an-ested, the venous loop of the azygos vein indents 
the lung. 1 As the lung grows, the vein, carrying with it a fold of pleura (parietal 
and visceral), becomes deeply embedded in it. An accessory lobe of var 3 dng 
size is thus separated from the medial aspect of the apex. Thus the fissure of 
the azjrgos vein originally consists of fom laj’-ers of pleura. It communicates, 
X-E. I — 10 
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^\ith the general pleural cavity, and a pleural effusion has been observed by the 
writer, entering the fissure and bo broadening its originally fine line. 

RAproLooiOAL Appi:/in\??CES. — ^The fissure of the lobe is seen in radiograms 
as a curved hair-line, always at the right apex, convex outviards, and 
variable in situation. At its upper end a small triangular peak is often seen. 
At its lower end it ends in a pear-shaped sliadorv above tlio hilum, which is due 
to the shadow of the azygos vein emberldcd in the cleft. This pear-shaped 
rather dense shadou may be continued downu’ards towards tlie iipiier border 
of tlie hilum by a fainter linear shadow , lying posteriorly due to tlie ascending 
part of the azygos vein Sometimes the pear- or comma-shaped sliadow is 
obvious, but tiio fine interlobar line is almost inrisible. In these cases of 



Fto 07— Diagrum . (a) Acce<w/)ry nrxgoi* lob«‘. bing to the medial side of Iho azj'gos \ein. 
(fr) Azygos ^em running fonranb from the lateral a'jpect of the dorsal \ertobra enelo-ed in fol'^ 
of pleura (mpBoax^gos) (After Anfon anil SmUh \ 


small azygos lobe careful serntiny may rex-eal the interlobar line lying close 
to the shadow of the superior vena caTO. 

It is doubtful whether the thickening at the lower end of the fissure of the 
azygos lobe is entirely’ duo to the azygos vein seen “ end-oii,” though tliis is 
the explanation which has been generally’ accepted up to the present. la 
oblique and in stereoscopic films this part of the shado\v has no resemblance 
to an end-on vessel, but appears to be due rather to several folds of redundant 
pleura whicli converge towards the lower end of the fine line of the fissure fibe 
“ the neck of a purse when the string is tied ” [Bonni^er). 

Consolidation may occur in an azygos lobe, or this lobe way escape when 
the rest of the upper lobe is consolidated. Tuberculosis may also be confined 
to it or it may escape in miliary tuberculosis. Compression of the bronchus 
supplying it may result from the pressure of the azygos vein, and as a result 
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atelectasis or bronchiectasis may occur. The fissure of the lobe is sometimes 
thickened by interlobar sclerosis. 


CONGENITAL ABSENCE OF ONE LUNG 


Patients may live to old age in spite of non-develox^ment of one limg. The 
condition is extremely rare. Of a series of twenty-two cases collected by 



Fig. 98. — Diagram ; Fissure of tho accessory azygos lobo. (a) Various positions in whieli the 
fissure may bo foimd. (6) Effusion entering the fissure. 


Levi/ fifteen were on the left side. Duration of life was fi’om 8 to 70 years. 
Respiratory symptoms were uncommon. Blward has recently reported a case 
vdtli X-ray and post-mortem findings ; the X-ray appearances were those of 
a unilateral fibrosis with compensatory emphysema of the opposite lung. At 
post-mortem the rudimentaiy left hmg had a volume of only 4J cubic inches. 
The bronchus extended into the lung for a short distance, and ended abruptly 
in a series of small sclerotic and partially occluded terminal branches. Elward 
emphasises a symmetrical thorax as a differential sign, and states that the 
intercostal spaces are not narrowed as in acquired atelectasis or fibrosis. This 
is not home out by his published radiogram, wliich clearly shows increa.sed 
obliquity of the ribs on the affected side. A consideration of the specimen 
shovm in Fig. 146 of a case of extreme fibrosis of one Imig, with great compen- 
satory emphysema of the other, will make clear the difficulty of maldng a 
differential ffiagnosis. 



CIL\PTER XVI 
ANATOJIY OF THE BROXCHI 

The cmsroN of the trachea into two main bronchi is repeated at each subse- 
quent bronchial (li\’i3ion, though in a few places tliis exact dichotomous ar- 
rangement is masked by tiie cioscnessof the repeated dirisions and the unequal 
size of the resulting branches, so that the bronchus appears to divide suddenly 
at some point into three or more divisions as, for example, in the case of the 
mam bronchus to tlie right upper lobe The branches are rarely symmetrical 
as to size of the resulting bronchi. Nearly alu ays one of the pair is larger than 
the other. This asymmetr)' has raised difficulties for anatomists, for it is not 
easy to determine whether the larger divislon-s, which may he nearly in a 
straight line, represent a continuous stem bronchus or not. Tlie result of a 
difference of opinion on this point has been that the bronchial tree is differently 
desenbed in Continental and English literature. The former follous Jebi/, 
who described the branching as monopodlal ; for example, in the louer lobe he 
desenbed a single stem giving off alternate ventral and dorsal branches, follow- 
ing the arrangement found in quadrupeds, while Enghsh uTiters (iVc/soH) adopt 
a nomenclature based generally upon Ewart's classical work. Etcart described 
the branching as dichotomous and assaUed the previously held theories 
The discrepancy is of more interest to anatomists than to radiologists. Ewart's 
nomenclature, with some modifications, is adhered to here. 

The branchings and distribution of the bronchi have been worked out in 
great detail by Ewart. On this classical work, and on a study of radiograms of 
hpiodol injections, the following account is based. Although it is not necessary 
for the radiologist to study the ultimate ramifications in detail, it is essential 
that he should know the main branches, their main subdivisions, and the 
distribution of these, firstly, because a study of lipiodol films is impossible ivith- 
out that knowledge, and secondly, because many gross conditions in tiie chest, 
abscess, pneumonitis, atelectasis (due to foreign body or other cause), and 
tuberculosis, may be limited to the distribution of a bronclms or one of its 
subdivisions. Accurate localisation of such lesions demands a knowledge of 
bronchial distnbution, and is necessary for the correct treatment of abscess by 
surgery and postural drainage. Tliirdly, because of the assistance which close 
observation of the lung detail — i.e of the vascular shadows wliich nm with the 
bronchi — will give in locahsing a lesion to its correct lobe, and correct part of a 
Jobe. The normal relationship of the lobes and interlobar fissures and bronchi 
may be so greatly upset by atelectasis and compensatory emphysema that the 
value of a study of the trunk shadows — ^i.e. of the vascular shadows which 
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accompany the bronchi throughout the Iimg parenchyma — cannot be over- 
estimated. The "wiiter has referred to this in a pre\'ious Avork. and it AviJI be 
again dealt until mider the appropriate sections. 

Anatomists state that the trachea divides opposite the fourth dorsal vertebra . 
In radiograms the carina is commonly seen rather lover than this. The radio- 
graphic and cadaveric positions do not agree, because of the extensibility of 
the tracheobroncliial stem. The usual position of the carina in radiograms 
is opposite the vertebral end of the seventh rib, but sometimes as high as the 
sixth or as low as the eighth. 

BRONCHI OF THE RIGHT LUNG 

The Right Main Bronchus, shoiter than the left, and more directl)'- in 
line Avith it, is directed doAvnwards and outAvards, and diAudes into two 
main branches : 

(1) The upper lobe bronchus (eparterial). 

(2) The continuation of the main stem (bronchus intermedius, Eivmi ; 
hyxiarterial bronchus, Aehy). 

Right Upper Lobe Bronchus. — Arising from the outer Avail of the main 
bronchus opposite the bifurcation of the trachea, it is directed almost hori- 
zontally outwards. It supxilies the Aidiole uiiper lobe. It has tlrree branches 
(the trifurcation is apparent, not real, consisting of tAvo asymmetrical bifurca- 
tions rapidly following each other). 

(a) Apical. — D irected upwards, outwards, and a httle backAvards. DiAudes 
into anterior and xiosteiior branches. The anterior supphes the supraclavicular 
apex in its anterior half. The posterior sujiphes the posterior half of the BUjira- 
cJaAdeular ajjex and the inner posterior part of the uxijier lobe. 

{b) Axilpabt. — ^D hected outwards. Dfrides mto : (1) anterior axillaiy, 
directed foiAAmfds and upAvards ; (2) superior axillary, directed backAA*ards. 
These supply a p;^'Tamidal region, the base of the xyramid being on the axillary 
surface of the upper lobe, extending for a short distance on to the iJosterior i^art 
of the outer surface. The interlobar simface in this region receives a special 
branch from the main axillary stem. 

(c) Pectoral. — D irected fonvards (often seen in radiograms as a ehcle AAith 
clear centre in the upper hHum). Divides into tAAm ; (1) tlie sterno-pectoral. 
directed inwards ; (2) mid-pectoral, directed outAvards. These branches 

eA'entually supply a pyramidal region, haAing its base on the anterior aspect of 
the chest betAAuen the claAncIe and the mamma, its apex at the hilum ; boAuided 
beloAA’’ by the horizontal fissure. 

Right Lower Main Stem. — ^The main stem courses doAAnwards AAith a slight 
curvature outAA ards, about an inch from the right heart border, and rapidly 
.‘suhdiAides. The fimt division occurs about inches below the eparter^hlAv , 
bronchus ; at tliis point the middle lobe bronchus (anterior), and, close to"‘ ' * 
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the posterior (“ first dorsal ”) branch to the apex of the lower lobe are given 
off. Below this point the reinainderof the lower lobe bronchi arise in succession. 

Right Middle Lobe Bronchus (cardiac bionelnis, Eu-arl ). — This is given off 
immediately below the lower divirion of the right pulmonaiy’ artery, which 



liere crosses the main bronchus. It turns fonvard under the lower border of 
this artery, and divides into brandies for the supply of tlio middle lobe, viz. '• 

(1) IimER {Steenocabdiac). 

(2) Outer (Soterficiai, SIammaey Cakdiao). 

Tlie inner immediately subdivide again into inner aud outer branches. A 
trifurcation is thus stimulated. 
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Fig. 100.— Anatomy of bronchi. On right feido bronchus, 

lower lobe, middle lobe bronchus and basa ^onc pectoral stems ; the latter over- 

Left side, upper lobo bronchus dividing into P 

laps the lower lobe bronchi. (Courtesy of 1 roj. Murdoc i.) 

Tho distribution of these branches to the ' 

(1) To the outer comer, the superficial mamm y ‘ j^arein Outer 

(2) To the outer half of the anterior surface, and loiter inaig . 

Innerhranchofstemocrdjao. 
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The middle lobe branches arch first upwanla and forwards — as seen in 
antcro-posterior and lateral views. Their temiinations arch dowTiwarcls. 
Ill antero-posterior radiograms they are difficult to distinguish from the back* 
wardly directed “ dorsal ” apical branch of tlie lower lobe. 

Right Lower Lobe Bronchus. — 

DiNdcles into the following : 

(1) The posterior horizontal bronchus (first dorsal, Aeby). 

(2) The lessor posterior horizontal bronchus (second dorsal, Acby). 

(3) The posterior basal. 

(4) The axillary basal. • 

(5) The anterior basal. 

(0) The retrocardiac. 

Posterior Horizontai. Baoxoiius {Ewart) (first dorsal, Aeby). — Originat- 
ing from the b.ick of the main lower lobe stem, nearly opposite the middle lobe 
bronclms, tius branch courses backwards ami a little outwards nearly parallel 
to the upper dorsal interlobar surface. It dirides into a posterior and outer 
(mid-axillary) division. TJicse supply the upper posterior and outer part of 
the apex of the lower lobe. 

Radiologically this branch is imi>ortnnt for several reasons • 

(1) Tlio portion of lung which it supplies Is sometimes separated off ns an 
accessory lobe. (Polil’s Lobe, see p<igo 144.) 

(2) Further, it is often the seat of a pneumonic con-soliclation, which in 
antero-posterior view is projected on to the hilar region, and therefore often 
called “central” pneumoma. 

(3) It is a common site of abscess of the lung. 

(4) It is not uncommon for tuberculosis to commence heio, and a cavity 
may be found in it. 

Therefore any gross “ hilar ” shadow' should be carefully investigated m 
lateral projection in riew of these possibilitie.s. 

Lesser Posterior Horeoktal {Euxiri), (second dorsal, .deby)— This 
comes off just below the preceding, and is directeil dowiiwards and backwards. 
(Opposite to it the anterior Ixasai comes off, to be described later.) Its 
branches descend to supply the superficial part .of the back of the lower 
lobe, in its lower half, not reaching the posterior margin of the lung in th® 
posterior cul-de-sac. 

Posterior Basal. — ^Divides into outer and posterior brandies. Tlieir 
numerous subdivisions supply most of the posterior half of the base (beliiud the 
line which represents a continuation of the trachea as seen in the lateral view), 
including the posterior part (one-third of the diaphragmatic surface and the 
posterior lung margin). Above and behind, this region is overlapped by that 
supplied by the preceding (lesser posterior horizontal). 

The outer dirision supplies the axillary and retro-axillary region of the 
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lower lobe, posteriorly, aiid the free edge of the lobe in its outer posterior part. 
The posterior division takes care of the greater part of the" posterior base, 
being assisted on its medial side by the retrocardiac bronchus. 

Axiluaby Basajo. — Consists of a single trunk of origin, which bifurcates 
into a single outer and a single basal dhdsion. The former goes to the upper 
part of the lower third of the Imig on the outer side ; the latter supplies the free 
border on its axillary aspect as far forward as the anterior axillary luie. 

In radiograms these two branches and their subdivisions maj’- often be dis- 
tingui.shed — ^the outer directed outwards towards the fifth or sixth rib in the 
axillary line, the basal arcliing downwards and outwards into the lateral 
costophrenic recess. 

Axxbriok. Basal. — ^This arises from the front of the lower lobar stem, is 
directed do\vnwards and forwards and supplies a wedge-shaped territory limited 
in front by the lower j)art of the main fissure, bounded on the outer side by the 
free smface of the lobe in front of the anterior axillary line. On the medial 
side the region supplied does not reach the mediastinal surface. This region 
of the lower lobe is supphed by the retrocardiac bronchus. 

Retbocabdiac. — ^This small branch is of special interest, since the region it 
supplies is sometimes separated as an accessory lobe (Retrocardiac, Inferior 
Accessor}’' Lobe). It arises directly from the inner side of the main stem. It 
descends vertically and divides into anterior and posterior branches, which 
supply the posterior j)art of the inner smTace of the lower lobe. Seen from the 
front, this territory is wedge-shaped, its outer surface sloping downwards and 
outwards from the hdum. In the radiogi’am it includes the region between tlie 
outwardly slopmg posterior basal branches on the outer side and the edge of 
the spine on its inner side. It is partly overlapped by the right edge of the 
heart. 


BRONCHI OF THE LEFT LUNG 

The absence of the middle lobe modifies the bronchial pattern in the left 
side. The supply to this region must therefore be described. 

The Left Main Bronchus. — The left bronchus, larger than the right, is 
directed obliquely downwards and outAvards, mailing a sweeping curve AAoth 
conA’exity doAAmwards. Opposite the inner end of the third anterior inter- 
space it divides into an upper lobe branch, directed upAA'ards, and a loAA'er lobe 
branch, which continues the line of the main stem, usually overlapped by the 
left border of the heart. Abov’-e the curve of the main bronchus, a shadow is 
seen with a free crescentic upper margin ; this is the left pulmonary artery. 

Left Upper Lobe Bronchus 

The upper lobe bronchus diAddes into an upper (axillary-apical) and a lower 
(pectoral), AA'hich almost immediately subdivide. 
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Axillary-Apical Steai. — ^This stem divides into ajiical and axillary 
branches. The apical branch, at first nearly vertical, runs upwards to supply a 
territory comprising the anterior and inner third of the lung apex. It is seen 



in radiograms to the outer side of the aortic knob. Its branches are found in 
the first interspace and above the clavicle. 

The axillary branch divides like that on the right side, into anterior and 
posterior branches. They are directed upwards and supply respectively (a) 
the lower or basal zone of the apes in the outer anterior and upper osillaiy sitr- 
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face, and the posterior and outer part of the anterior surface — ^ufth the lung 
included between them. Its branches are found in the second interspace. 

Pectoral Stem. — This divides into inner and outer branches, both directed 
forwards. The inner turns inwards towards the heart, and gives branches 
running downwards and inwards. The outer breaks up into branches wliich 
run outwards. 

The area suirplied by the branches of the pectoral division is roughly 
equivalent to that of the middle lobe on the right side, but extends a little 
higher. Thus the outer pectoral sends branches upwards and outwards to the 
region of the upper lobe, seen in the third interspace, and behmd the second 
rib, and branches mnning forwards to the supramammary region and fourth 
intersxjace in the axillary line. It also supjilies the outer anterior part of the 
lobe down to the main fissure. 

The imier (sternoxDectoral) (fomfh and fifth interspaces) supplies the inner 
half of the lower part of the upper lobe, its pericardial surface, and the Ungual tip. 

The vessels accompanying the .stemopectoral are sometimes seen curving 
strongly inwards and doAvnwards in the lower left hilar region. 

Left Lower Lobe Bronchi. — The bronchi of the lower lobe of the left lung 
do not need to be described in fuU detail, since most of the description of the 
lower lobe bronchi of the right Imig applies also to those of the left lower lobe. 
The main difference here is in the point of origin of the left retrocardiac bron- 
chus, which is a tertiary branch arismg from the left anterior basal. Its terri- 
tory is occasionally divided off as an accessory lobe. 

The final division into basal trunks occurs a little higher on the left side than 
on the right. 

The left basal branches are directed a little more outwards than those 
on the right side. “They form a long flexible spray, droopmg with 
unequal curves,” 

The apex of the lower left lobe reaches a little higher than the right. Modi- 
fications in the direction of the left posterior horizontal (first dorsal) and the 
lesser posterior horizontal therefore occur. 

BRONCHIAL SEGMENTS 

The regions supplied by individual bronchi represent definite entities, or 
segments of the lung. ■ When such a region is consolidated by inflammatory 
disease (abscess, tuberculosis, localised pneumonia, or j)ueumonitis) or when 
the bronchus to this segment is blocked, an area of shadow of pyramidal shape 
is produced. It is often possible to make an accurate guess as to the segment 
involved from the plain postero -anterior film, but ^vithout the lateral view 
this guess will be liable to go astray, because it is not ahvays possible to tell 
w'hether the shadow is anterior, posterior, or at mid-depth of the chest. The 
localisation of consolidated areas is of particular importance in abscess of the 
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area. It wU often be difficult to decide between a loeabsed consolidation and 
collapse, and a collapse or fibrosis of an entire lobe. For example, a fibrosed 
right upper lobe will shoAV a triangular apical shadow of the same shape and size 



(«) (0 

Fig. 106. — Diagram : Bronchopulmonary segments of right lung, (1) ^cea from behind, (2) seen 
from mediastinal surface. For explanation see legend to Fig. 104. 

as an infiltration in the region of the apical branches of the right upper lobe 
bronchus : the distinction would depend on the position of the interlobe, which 
in the former ease would fonn a limiting edge to the consolidated area, and upon 
the position of the liilum and of the trunk shadows of the middle and lower 
lobes. 








CHAPTER XVII 

THE LY5IPHATIC SYSTEM OF THE THORAX 
LYMPHATIC GLANDS OF THE THORAX 

TuEiE ARE fiulxlividefl into parietnl and risceral lymphatic glands. 

The Parietal Lymphatics arc : 

{ 1 ) TnE Stjcrnai. Lymph Glaxds. — ^T liese form two groups, each of wliicH 
lies at the corresponding margin of the sternum along the line of the internal 
mammary arterj’. The glands are variable in number (four to eighteen) and in 
size. They receive affecents from the upper part of the muscles of the abdominal 
wall, from the diaphragm, from the anterior part of the wall of the thorav, and 
from the medial portions of the mammae. Their efferents communicate mth 
the upper anterior mediastinal glands and with tlie inferior deep ccr\ical 
glands, and they terminate on the right side in the right lymphatic or the right 
broncho-mediastinal duct, on the left side in the tliomcic duct. Occasionally, 
also, they end directly in the internal jugular or the subclavian vein. 

(2) T^e Intercostal Lvaipn Glvnds arc lateral and medial. The lateral 
glands lie in the posterior parts of the intercostal spaces, the tnedial are placed 
in front of the heads of the ribs. TJieir afferents are derived from the boun* 
claries and contents of the spaces. The elTcrents of the glands of the upper 
spaces pass cither to the posterior mediastinal glands or to the thoracic duct. 
Those of the loner spaces on each side fonn a descending trunk which pas'ies 
through the aortic opening of the diopliragm and ends in the cistema chyli. 

(3) The DiAmRAOMATic Glands consist of three sets : 

(rt) Anterior ; (i) beliind the xiphistemum, recendng afferents from the 
liver ; and (ii) lateral, near the seventh costochondral junction, receiving 
afferents from the anterior part of the diaphragm. The efferents pass upwards 
to the sternal glands. 

(6) Middle, on each side, close to the phrenic nerves. On the right side some 
of these glands are in the pericardial wall in front of the vena enva. They drain 
the diapliragm, and on the nght side the liver. Their efferents pass to the 
posterior mediastinal glands. 

(c) Posterior • A few glands at the crura of the diaphragm. They are con- 
nected with the lumbar and posterior mediastinal (viscera!) glands. 

The Visceral Lymphatics are : 

(1) The Anterior Mediasttnai, Glands, forming two groups, a lower and 
an upper. The loiver group consists of three to four glands, and is situated 
posterior to the sternum, in the low’er part of the anterior mediastinum. R 
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receives afFerents from immediately adjacent parts and from the liver and 
diaphragm. Its efferents communicate with the uijper anterior mediastinal 
glands, and they end, for the main part, in the broncho -mediastinal trunk. 
The vpper group consists of from eight to nineteen glands which lie j^osterior to 
the manubrium stem! and anterior to the th3Tnus and the great vessels of the 
superior mediastinum. Their afferents are derived from the lower gi'oup of 
anterior mediastinal glands, from the pericardium, the heart, the thymus, the 
thyroid glaird, and from the sternal glands. Their efferents pass mainly to 
the broncho-mediastinal trunk, but they communicate with the medial in- 
ferior deep cervical glands, and possibly also ndth the thoracic duct. 

(2) The Fosteriob Medla-Stestae Glahds, eight to twelve in number, lie 
along the descending iiart of the thoracic aorta and the thoracic part of the 
cesophagus. They receive afferents from the diaphragm, the pericardium, the 
cesophagus, and other immecbately adjacent tissues. Some of their efferents 
join the thoracic duct, others the broncho-mediastinal trunk, and some pass 
to the bronchial glands. 

(3) The Beohchiae Lyjvith Glahds. — ^Under this term are included all the 
Ijnnph glands which are closely associated with the walls of the intrathoracic 
part of the trachea and mth the main bronchi and their intrapidmonary 
branches, namely, the 

VISCERAL LYMPHATIC GLANDS OF THE TRACHEOBRONCHIAL TREE 

The general arrangement of the tymphatic glands in relation to the tracheo- 
bronchial tree may be studied from the diagrams after Stikiennikow (Fig. 107), 
Assmann (Fig. Ill), and Sf. Engel (Figs. 108, 110). The exact relationship to 
the neighbomiug vessels has also been described by^ Nelson. They are found 
massed at the bifurcation of the bronchi, and this arrangement continues 
throughout the lung up to the tliird bifurcation. Sf. Engel believes that the 
glands are more intimately related to the pulmonarj^ vessels than to the 
bronchi, but agrees that for purposes of description, at all events outside the 
hilum, the bronchial bifurcation may be used (see Fig. 108). 

The following groups occur ; 

(1) The Tracheal Group (“ paratracheal ") along the trachea. 

(2) The Tracheobronchial Group, extending domiwards into the upper 
surfaces of the main bronchi. The right tracheobronchial group is a large one 
and lies on the antero -lateral aspect of the trachea, and extends down on to the 
upper lobe bronchus. The left tracheobronchial glands are less constant 
(Nelson). The main group lies on the lateral aspect of the trachea under cover 
of the aortic arch, but may extend domiwards above and also to the outer 
side of the left mam bronchus behind the pulmonarj^ artery. On the right-side 
these glands vary in number from five to nine, on the left fr’om three to six. 
Those on the left are in close relation mth the left recurrent nerve. Their 
afferents axe derived from other groups of bronchial glands and fi-om the adja- 

X-K. I — 11 
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cent parts of the trachea and bronchi. They are connected ^^itll tlie anterior 
and posterior mediastinal glands. Tlieir efFerents pass to the hroncho- 
niediastinal trunk and also to the inferior deep cervical glands. Tliey are 
associated, also, by intergiandTilftT 'resseb, Tvjib the pamlTtitbca^ glands. 



(3) The Bifurcation Croupiswedgedin the tracheal bifiu-cation and extends 

dowTiwards on either side to the cconmenceinent of the lon-er lobe bronchus. 
The glands are situated between the roots of the great vessels anteriorly and 
the cesophagus and the aorta posteriorly. Their afferents are derived from the 
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bronchopulmonary glands and from adjacent parts ; their efferents terminate 
in the ti'acheobroncliial glands. TJiey are connected 'with the posterior 
mediastinal glands. 

(4) Each group of bronchopulmonary glands, right and left, lies in the hilnm 
of the corresponding lung, in the angles between the branches of the bronchial 
tube. The glands vary considerably in number, and receive afferents, either 
directly or through the pulmonary glands, from the lung substance. They also 



Fig. 108.^ — Diagram : Tracheobronchial tree, and pulmonary artery, showing relations of the 
lymph nodes to them according to St. Engel. [Handbiich d. Eaenigendiagnosttk im Kindesalter.) 


receive afferents from the pleura ; their efferents pass to the tracheobroncliial 
glands and to the glands of the bifurcation. 

(5) The pulmonary lymph glands lie in the lung substance, usually in 
the angles between two bronchial tubes, up to the tliird branching. Be3>'ond 
this 2Joint the existence of true Ij'mph glands is verj’^ doubtful, although it is 
stated by some anatomists that these aie to’be found as far out as the fourth or 
fifth brandling. Probablj’- there are, at most, lyunph nodes consisting of 
aggregations of lynnphoid cells, and it may be that even these are not normal 
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structures, but a response to infection or other stimulus, and therefore to be 
regarded as patliological formations. 

The afierents of the pulmonary glands are derived from the lung substance, 
and their efferents pass to the bronchopulmonary glands. 

St. Engel divides the liilar glands into two groups, an anterior (bronchopul- 
monary) and a posterior, in close conjunction with the interlobar spaces, and 
separated from them only by a thin layer of pleura. These, as Flemhner has 
obser\'ed, are liable to infect the interlobar pleura and give rise to interlobar 
pleurisy. The lympliatie glands of the left upper lobe also show a peculiarity, 



Fia. 109 — Drawing of lower surface of rtinWle lobe, showing lytTijvhalic sesseli outUtung th® 
lobules, and acmi of the lung parenchyma About twice natural bi^c. 

accordmg to Evgel^ ui that some of them lie not in the lung root, but in the 
anterior mediastinum in close relationship to the aorta and ductus arteriosus 
(see Fig. } OB). 

Tlie glands associated witliapven lobar bronchus receive the deep lymphatic 
vessels from the corresponding lobes, running with the bronchial and pul* 
monary vessels. A lesion in a given part of the liuig, therefore, drains into a 
specific group of bronchial and liilat glands. The middle lobe drains into both 
the upper and the lower lobo groups. The hilar glands also receive lymphatics 
from the visceral pleura by lymph vessels wlUch drain along the interlobar fis- 
sures and over the anterior and posterior lung suifaces, towards the liilum* 
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The superficial and the deej) lympliatic system intercommunicate on the surface 
of the lung. The important tymphatic jjatlnvays along the interlobar fissures 
account for tlic frequency ndth rvhieh these become risible in the radiogram in 
pulmonary disease. inflammator3r or neoplastic, and in some pleural infections. 


ENLARGED LYMPHATIC GLANDS 

In searching for the glands in a radiogram, the bronchi must be used as a 
guide, and these may bo picked up, esiiecially in children, as translucent streaks. 
The tracheal and tracheobronchial glands may be readily recognised, smee they 
tend to jiroject above the hilar shadorv. Those at the bifurcation are rarely seen 


1 — Aortic clamn. 

2 — 6! inds of iliic- 
txis artenorti"^ 

8 — L ‘'ft o p i - 
broneWn). 

4 — left posterior 
lillar. 

5. — J-ieft ant' rior 
liilar 

0 — ^Kigtit trarlico- 
tiroildii.il (or 
patatradinal) 

7. — Kiglit anterior 
lillar. 

8 — Riplit po?tcrior 
lillar. 
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FiCJ. 1 10 . — (o) LjTTiph nodes in noimnl state, {h) Same lymph glands enlarged. (After fit. Engel.) 


unless calcified, vhen they may occasionally be found in obliqite or lateral 
views. The hilar glands are usually difficult to pick up, firstly because they 
are overlapped by the heart shadow, and secondly because they are covered 
by the pulmonary artery and its branches and otJier components of the hilar 
shadow, so that rounded nodes in the actual hilum aie not aluays seen ; the 
picture during the stage of acute inflammatory change is lather that of a diffuse 
thickening of the lung root (“ massive hilar shadow ’")• The difficulty is to decide 
between the various proce.sses whieli may give lise to this diffuse shadow, 
namely (a) stasis in the vessels ; (6) bronchitic and peiibronchitic inflammation ; 
(c) lymphadenitis and perilymphadenitis ; and (d) pulmonarj'^ inflammations 
situated in front of or behind tlie lulum. the shadows of which fuse with the 
lulum in a postero-anterior view'. 

Certain groups of glands are so placed as to he easily seen w’lien enlarged, 
even though unealcified (Figs. 110, 111). Such enlargements can he due to 
tuberculosis, neoplasm, influenza, pneumonia, otlier acute respiratory disease.s, 
especially in cliildren, to antliracosis or pneumoconiosis. These are : 

(1) The right jiaratraclieal glands. 

(2) The left tracheobronchial glands between the aortic Imoh and the left 
pulmonary artery. 

'll / 
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(3) The right tracheobronchial glands lying above the right pulmonary 
artery in close relationship to’ the eparterial bronchus. 

(4) The right bronchopulmonary' (hilar) glands, when these lie to the outer 
Bide of the pulmonary arteiy or are sufficiently enlarged to project beyond 
it. The left bronchopulmonary (hilar) ^ands arc less ivcll placed for obser- 
vation, being often hidden by the left border of the lieart and conus of the 
pulmonary artery. 

(5) Tile retrosternal glands. 

The bifurcation glands at the tracheal bifurcation are rarely seen, being 
overlapped by the heart, meihastinum, and spine. Occasionally, when calci- 
fied, they are visible m postero-antcrior films taken with sufficient penetration, 
and may sometimes be seen in oblique or lateral vicus. Asmann has 
recognised rounded shadows in this situation due to glandular metastases 
from carcinoma of the cesophagus. The observation was verified at autopsy. 

Appearance of Enlarged Mediastinal and Hilar Glands 

These project into the lung field as rounded shadows, and the separate 
masses of glands show as individual projections, giving a scalloped contour to 
the whole shadow. Tins appearance 
IS typically seen in children uith 
tuberculosis. It is also sometimes 
seen in lymphadenoma or new 
growth. Coarse strands sometimes 
radiate from them into the lung field, 
due, probably, to stasis m the lung 
vessels. In less acute cases these 
strands ate denser, and in chronic 
cases have been shoivn to be due 
to peribronchial and perivascular 
fibrous tissue formation. The well- 
defined contour of enlarged inllam- 
niatorj' glands is often obscured in 
cliildren by periadenitis, or localised 
pneumonitis of the surrounding lung. 
Occasionally, the -writer has recog- 
nised lu the hoUow-back view evi- 
dence of concomitant interlobar 
pleural inflammation, due to the close relationship of the posterior hilar glands 
to the interlobar pleura, described by 8t. Engel. 

Small glands lying in the angles of the bronchi at the edges of the hilar 
sUado-w, especially those related to the eparterial bronchus and left upper lobe 
bronchus, may be simulated by branches of the pulmonary artery seen end-on. 
They may be distinguished by the following points : 



Fia 111 — Diagram of tho l\mph noUeB most 
frequently seen in radiograma wlien Jai^o 
enougli to project from the mediastinal sbadon. 
1 Riglit paratraehcal 2 Glands between 
aortic knob and pulmonary arters 3, 3 
Broncho pulmonary glands m tho hila (After 
Assmami } 
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(1) The end -011 arterial shadows occur along the course of the trunk shadow, 
and each has tlie same diameter as the trunk on whicli it occurs. The end-on 
vessels diminish regular!}’’ in diameter to-wards the lung. 

(2) By turning the patient slightly to one side or the other, the end-on 
vessels again become linear. 

It is often advantageous to examine the chest in childi'en with the patient 
slightly rotated in this manner, in order to project enlarged glands clear of the 
heart shadow. 

Calcified Glands 

When calcified, glands show a typical granular density on the surface and 
in their substance. Old glands may form dense homogeneous patclies. Care- 
ful inspection of a group of hilar glands ivill often localise them to a definite 
bronchus, and leading outwards along that brochus smaller glands may be seen, 
directing the eye towards a definite region of the lung in which lies a calcified 
jirimary pai'enclijunatous lesion, which tnay be minute (Ghon's focus). The 
focus and the glands in its drainage area are e\ddencc of an old ijuerile tuber- 
culous lesion (Ranke's complex) which has healed. 

ENLARGEMENT OF GLANDS IN LYMPHADENOMA AND MALIGNANT 

DISEASE 

The tracheal and tracheobronchial glands are most evident in these condi- 
tions, and in lymphadenoma it is the upper mediastinal glands which are mostly 
aifected and most massive ; but a hilar foim may occur, usually bilateral. 
The contoiu may be smooth and regular or may have a lobulated appearance dxie 
to enlargement of individual glands. Enlarged hilar glands often fit neatly 
into the concavity of a main bronchus ; tliis is particularly well shown in 
involvement of the left tracheobronchial group, in which the left upper lobe 
bronchus is seen cm’ving downw'ards beneath the gland. In this ease curved 
strands of den.sity directed upwards to the apex sometimes give the shadow a 
fuzzy border. This aiipearance,' Avhich the writer has noted on many occa- 
sions, may possibly be due to pressme on the left superior pulmonary vein and 
a consequent stasis. This vein, di-aining the left upper lobe, passes do-wqwards 
in front of the left upper lobe broirchus and left main bronchus near its 
termination ; its right border is separated from the right pulmonary artery by 
an interval of 1 cm., and it terminates at the level of the bifurcation of the com- 
moir pulmonary artery {Ewmi). The vein is therefore in such a position that 
it may be obiStmicted by any considerable glandular enlargement; of the left 
tracheobronchial or upper bronchopulmonary lymphatic vessels. According 
to Asmxann it is also obstructed by the enlarged pulmonary artery in mitral 
stenosis, producing a similar but less-marked ajrpearanee of increased stiiation 
iir the left upper lobe . It is possible for an aortic anemysm to produce a similar 




169 


the ltimehatic system oe the thokax 

mpearanco, and this the OTiler has 

S glands are often «» 

shadow sometimes as large as an orange 

and tbe great vepsels • 

^ ’ lymphatics of the I-mG ^ 

LympUtic iWa.-These, ““'‘“S lyorphatics arorrnd the veins 

narenohvma in two main groups . ( ) 1 , i™phalics aroiuid the terminal 

fn rinterlohular septa ; mtraloh JaU.^ P vesse s 

hronohioles and hronchial ® lymphatics also 

ofirnmnnicato within the lobules, i Ue pen addition 

STe suhplenial Ijmiphaties (see P-S- : (D at the junction of 

the sites at which ieposiU of ,, cation to the “‘^'‘““'“.^the 

the perilobular and pleural lymphatics , t ) lol^ule in the 

at E junction with perilobular vem ' duct. These lymphoid 

bitmcation of the Pt‘'”“'“ 7 ;, “Xtr ori^n of the characteristic nodules 
deposits are believed to be the site ol o „ 

of pneumoconiosis. , lymphatics in the lung, e ue 

Act rpffards the further couise ot the 5 certainly run in the lung 

pentw aS the hiluni. little is 

domain association with the ' , jopd-vessels and not interrupted 

stothat Hiev are closely related .‘^^““'’Vliey think they are ftmction- 
hv Ijunph nodes between periphery and 1 of lynphoid 

ayrelated to the air tnhes to the vascular system. 

strictly related to the 4 ‘ 5 E„e into jnvtaposition. and ei en 

s:rss“i=nS^™S»dn.^ _ ■ 

lymphatic PATHWAYS OF the right and 

The thomoie duct receives at glands. In the thorax it re- 

left upper lumbar glands *°^\^^^taries and communicates mth tlie iig^ 

ceives intereostal and ,^2’rSes%he Ipiiph from the 

costo -mediastinal trunk. ^ ^ . v ^ the commencenien o e 

and empties Aia the right Ijnnphatic duct m to the 

minate vein. iSiear their termin Variations are no uncoi 

supraclavieular (lower deep ce^al) tod, or broken up into a plexus 

The thoracic duct may he right-si P ^ collaterals. Disease o 

of vessels in front of its course. gf tlL gaftvo-intesthialtrack^ 

thoracic duct, reachingit from its tributaries. WjnUer (cik 

system (via lumbar glands), requ ^ and cancerous lympha ics ^ 

Willi.) noted enlarged -ediastnia gi^-ds^^tooli from the thoracic duct reach 
direct spread, but in nearly all cases can 


170 


RESPIRATORY SYSTEM 


the lung by a different route, namely via the innominate vein, right heart, and 
.pulmonary artery, and are tlierefore blood-bonie emboli. Another occasional 
route by which abdominal carcinoma may spread to the lung is from direct 
invasion of the hepatic veins by metastatic deposits in the liver, a final div 
semination occurring through the pulmonaiy arteries. In either condition 
the lung metastasea maj’ take the form of a few large nodules or, rarely, 
of miliarj’ carcinomatosis. 

The lymphatics of the breast arc connected with the retrosternal and 
anterior mediastinal glands tliroogh the anterior intercostal spaces, and may 
be directly mfeeted from carcinoma of the breast. In this condition c^dclence 
of enlargement of these glands is rarely seen in radiograms, which slioiv en- 
largement of the hilar and tracheobronchial glands, with little evidence ns to 
the route by w’liieh the disease has rcachcel these glands. From the glands in 
the hilum the disease may extend outwards into the lung by permeation along 
the pulmonary lynnphatics (lymphangitis carcinomatosa). 

BronclUal or msophageal carcinoma may invade the posterior mediastinal 
glands by direct extension in the lymphatics, and the writer has seen several 
instances in wliich the spine and ribs have been locally invaded by this 
route , the bone lesions w ere limited to the vertebras and ribs at the level of the 
pnmary lesion 

If the leaves of the pleura are adherent, direct continuity between the vis- 
ceral and parietal layers of pleura may allow the spread of infection or neoplasm 
from the lung to the intercostal spaces and ribs. 
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PHARYNX AND EPIPHARYNa 

Foreign Bodies occasionally lodge in the pharynx or epipharjnx. The 
^vrite^ Las seen a safety-pin irax^acted in the ex3iphar%'nx dn an infant. It is 
therefore necessary to include this region in fluoroscopic examination. 

Adenoid Vegetations narrow the epiphar^mx, and their x^osition and extent 
may be well shown by X-ray examination. In tlie case of adenoids Groili 
(1934) advises this method in preference to palpation, as being less disturbing 
to the child and as giving a better idea of the degree of obstruction of the air 
passages. Grandy was the first to use this method, which he described in a 
short communication in 1925. 

Malignant Tumours of the Nasopharynx also encroach upon the air space, 
and may be detected by X-ray. They may also invade the base of the skull ; 
the WTiter has seen several instances of such invasion vith cerebral symptoms 
or exophthalmos. Basal radiograms of the skull in the vertical projection 
showed definite erosion in the middle fossa. 

Tumours in the Epipharynx maj' be outlined by instilling lipiodol into the 
nose and maldng lateral radiograms with the head hi the inverted position. 
The patient lies supine ’with the head hanging baclcivards {Zvjppinger). 

LARYNX 

The larjmx does not offer gi-eat scope for X-ray examination, though lateral 
■views with low penetration are useful in malignant diseases and ulcerations of 
the larjmx. 

Normal Larynx 

Hr THE Thykoid Cartilage calcification is normal, and increases ’nith age. 
In the female calcification is usuallyr confined to the cricoid and posterior 
border of the thjroid cartilage. In the male a second centre is formed which 
spreads along the lower and anterior margins of the thyroid cartilage. From 
this an oblique bar may extend upwards and forwards in the ala towards the 
upper border. Oval clear areas (■' fenestrjB ”) are enclosed between tins bar and 
the other borders {Bjorn Warnvng). These dear areas are nonnal, and must not 
be mistaken for “ erosion " by laryngeal tumour. Finally the alse become 
completely calcified. The calcification is eventually converted into true bone. 
The -writer has occasionally observed calcification in the cartfiagines triticeos 
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above tlie superior thjToid cornua in the tlijTohyoid ligaments. Tliey may be ; 
mistaken for a “ foreign body.” ; 

In antero-posteiior radiograms tlie alee of the thyroid cartilage are often ^ 
visible, directed obliquely cloanwanis and inwards, projected upon the 
cervical spine. 

The Cricoiu CAnTiL.^QE early in the female. Often the posterior 

edge alone is visible, and the vertical line or patch of calcification in it has often 




Fxo 113 — Calcifjed 
laryngeal cartilages (thyroid 
and cricoid) 


Kio 114 — Mormal lttr\n-x F. 21. 
Lateral \ie\v. Small colciP.cafioii in 
triAiid cartihipo Note ci>lglotti-,. \allc- 
cula, orj teno epiglottic folds, and sinus of 
Slorgagni 


been mistaken for a sAvalloned foreign body'. The distinction is easy if bariiun 
is given and carefully natched. It passes behind the calcification. 

The CA^^Ty or the LAUnrs. — lu lateral ” soft tissue ” radiograms the 
cavity of the larynx is seen as a clear sjiacc bounded above and in front by the 
curved shadows of the epiglottis and the anterior wall of the vestibule, belov 
by the horizontal translucent streak of air in the sinuses of Jlorgagni. Above 
the sinus of Morgagni a faint horizontal band of shadow indicates the position 
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of the false cords. If the posteiior surface of the epiglottis is.traced down- 
wards, the aryteno-epiglottic folds are. seen as a shadow running obliquely 
dowurwaids and backwai’ds towards the shadow of the cricoid. Vissualisation 
of the larynx is improved if the hypophaiynx is distended with . air by an 
expiratory effort with closed mouth and nostrils {Jonsson). This manceuvre 
may succeed in separating the posterior border of a hypopharyngeal tumour of 



(«) ‘ ' ' ( 6 ) 


Fig. 115.— formal larynx and trachea, («) at rest, (6) distended by cxiiiratory offort with 
flo.5cd mouth. Ffoto slight bulging ofposferior wall of trachea, and opening up of thohj'popharimx 
and laryngeal vestibule in (6). . . ' 

the anterior wall, from the. retropharjmgea] tissue, so .defining its, margin 
{Ziipphiger), The chin should be, slightly elevated. The writer ..finds that 
the valleculas and epiglottk are more clearly shoivn if the tongue is protruded 
between the teeth, - ' , . . ' ; 

Malignant di.sease or extensive nbh-malignant ulcerations may cause ( 1 ) 
traction, of the epiglottis, imlling it do-wnwareJs and backwards, opening up the 
1 . alleculaj ; (2) vkible thickening of the epiglottis or. arytenq-epiglottic folds ; 
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(3) partial obliteration of tlio clear space of the larjTigeal cavity due tc 
tximour ; (4) obliteration of the sinus ofMoi^agnt ; (5) increased sliadowngo: 
the false cords , (C) destruction of tlio laryngeal cartilages. Such studies luaj 
assist in determining the downward extent of the growth behind the larjnx 

but require very carefu 



correlation with larjngo 
scopic hndings. 

Polypoid Tumours o: 
the Larynx.— Four cases 
of polypoid tumour oi 
the larynx, outlined in a 
lateral radiogram, have 
been demonstrated by 
ZIcGehee. 

Laryngocelc. — 
round air-containing 
cavity in tlie neck, lateral 
to the larynx, is due to 
larjnigocclo (InrjTigeal 
cyst). This rare con- 
dition has hcen described 
by Bland Sutton. In the 
ehimjwnrec tho deep cer- 
vieal fascia is undermined 
by diverticula of the 
laryngeal mucous mem- 
brane. This communi- 
cates with the larymx 
tlirough the thyrohjoul 
membrane. This air cell 
is especially large in 
the howling monkey. 
Bland Sutton mentions 
no case in man, but 


tho writer has seen two 


radiograms show-ing a round air cyst in the neck, apparently originating 
in this way. One of these was observed" by Prof. Woodbuni Morrison, who 
first drew the waiter’s attention to the condition. The second was a personally 


observed case. 


TRACHEA 

Anatomy. — In the postcro-anterior radiogram the commencement of the 
trachea is seen at the level of the cricoid (sixth or seventh cervical vertebra). 
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Traced upwards, it rapidly tapers to a point at the glottis. Traced downwards, 
it is seen as a clear stripe which ends in the bifurcation at the level of the sixth 
to eighth dorsal vertebra. Its length is 12,pm. in the adult male ; 7 cm, in a 
child of 10 years ; 4- cm. in an infant. Diameter — ^male 15-22 jnm. ; child 
8-11 mm.; infant 6-7 mm. It moves slightly upwards on swallowing and 
downwards with inspiration as much as 1 cm. 

Calcification of Trachea. — ^In lateral view.s calcification in the tracheal-rings 
is evidenced by nodular shadoAvs along the anterior margin. Occasionally the 
whole ring is calcified, shoAving transver.se stripes across the trachea in the 
lateral vieAV. A chond.roma maj'- originate in a tracheal ring and has been 
recognised radiologically. 

Deformities of the Trachea. — ^IVith the rare exception of syplulitic stenosis, 
all tracheal narroAAmigs are due to extrinsic comiwession, Retropharjmgeal 
goitre, a rare condition, compresses the trachea from beliind ; retrosternal 
goitre compresses it laterall}’’ and anteriorly. An indentation of the posterior 
AA'all may be due to tumour in the cesophageal Avail. Anterior displacement 
maj’' also result from retropharyngeal abscess. Caries of the spine or foreign 
body should be looked for. Pharjmgeal diverticulum may displace the 
trachea fonvards ; in cases of right-sided aorta both oesophagus and trachea 
are displaced fonvard and to the left. 

A characteristic deformity of the trachea has been described by Fancoast 
and Pendergrass, due to an enlarged thymus in infants. 

Above the manubrium, bilateral compression of the trachea by thyroid 
enlargement (simple or malignant) is a common finding (scabbard trachea). If 
the goitre is Amilateral, the ti-achea is more deformed on that side, and often 
disifiaced and strongly cuTA'-ed toAvards the opposite side. The loAver end of the 
trachea is normally displaced sUghtly to the right by the aorta. Lateral dis- 
placement of the trachea is an important physical sign. It is seen commonly 
in tumours of the thyroid gland, cervical glands, malignant glands in 'the 
mediastinum, aneurysm (aorta or innominate), pneuniothorax, pleural effusion, 
fibrosis of the lung, and atelectasis. In severe scoliosis the trachea lies to one 
side of the midline (on the side of the concavity). , Lateral displacement of the 
trachea from this or any other cause is sometimes sufficient to produce abnoirnal 
physical signs on that side and changes in the respiratory sounds Avhich may 
be misinterpreted. 

The most characteristic deformity of the trachea is an angulation, kink- 
ing, or curvature towards a contracted apex. This occurs most frequently as a 
result of fibrosis, Aisually tuberculous. It has been stated that curA^ature 
towards the' affected side does not occur as a result of neoplasm Avith atelectasis 
of the upper lobe. This is incorrect ; it does occur, though less frequently and 
to a less marked extent than with fibrotic lesions of the apex. Localised dilata- 
tions of the trachea from scar contracture may occur {FleiscJmer, cit. Scliinz) 
and tracheal softening, according to Sgalitzer and iStohr, may be demonstrated 
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by fluoroscopy ; if the patient makes a strong expiratory effort witii closed 
glottis, the softened wall bulges outwards ; if he makes a strong inspiratory 
effort ■with closed glottis, the wall bulges inwards. The condition may follow 
long-standing tracheal compresdon. 

A splaying out of the traclieal bifurcation by nn enlarged loft auricle lias 
been observed in mitral disease. 

It cannot be suffieiently emphasised that very soft postero-anterior radio- 
grams are not suitable for diagnosis of tracheal conditions. Sufficient penetra- 
tion should be used, particularly in the case of aneurysms or tumours of the 
upper mediastinum, to show the trachea and main bronclii clearly. The 
Potter-Bucky diaphragm or Lysholm Gnd should be freely used. Tomography 
is even more valuable for this purpose. 

Intratracheal Tumours arc rate, and are nearly all found by endoscopy. 
The associated dyspiicea brings them directly into the province of the laryngo- 
logist. Papillomata of the trachea are described by Betilel, who pubbshed a 
case outlined by hpiodol. The appearance is that of rounded projections into 
the lumen, partially outlined by surface films of lipiodol — not unlike that of 
msophageal vancos A case of intratracheal tumour is described by TI'ctM and 
Bimnann. A rounded tumour sharlow was shoun in the trachea just above 
the bifurcation in an obbque vrieu . 

Diverticula of the trachea occur. These are usually multiple, but may lio 
single. Kahhr (cit. Schinz), and ilorlock and Pinckin have described this 
rare conchtion. which affects the tmehea and hroncJii. In the case shoim by 
Morlock and bronclioscopy ehowwl throughout the trachea and larger 

bronchi, -ivliich were dilated, depressions in the intervals between the cartilagi* 
nous rings. These were found after Upiodol injection to lead to diverticula from 
the trachea and bronchi. The largest was the size of a shilling. Most ^^ere 
considerably smaller. Tlio v'Titcr has seen one case of isolated diverticulum 
outlined by hpiodol. Tracheal diverticula always occur near the junction of 
the trachealis muscle w’ith the semi-nngs of the trachea. liohlanski ascribed 
them to chronic catarrh, Gruber to retention cysts of the tracheal mucous 
glands {Slolaff). 

CEsophagotracheal Fistula. — The barium may pass through a fistula into 
the trachea eroded by' growth of the upper cesophagus. A more common mode 
of entry of bismuth into the larynx and trachea is, how ever, impairment of the 
sw allow’ing mechanism as a result of infiltration or nerve implication. It is not 
imusualtosee small drops of bismuth pass through the glottis in cases of laryngeal 
or post-cricoid tumour. The writer recently carefully obsen’ed a case of lugh 
cesopliageal obstniction due to carcinoma, in which barium entered the trachea 
It was observed that this did not occur until the level of the barium in the dilated 
CDsopbagus was raised by repeated sips to the level of the posterior aperture of 
the larynx. It then spilled over the arytenoids into the lary'ngeal cavity and, 
passing through the glottis, outlined the whole trachea. 



UPPER AIR PASSAGES 


177 


FOREIGN BODIES IN THE AIR PASSAGES 

Aspiration of foreign bodies into tlie tracliea occurs inost often in ciiildren. 
These are rarely large enougli to become impacted in the trachea. If they are 
so impacted, they tend to lie in an antero-posterior plane in contradistmetion to 
those in the oesophagus, udiicli lie transversely. They usually jiass onwards into 
the bronchi ; in four-fifths of the cases, into the right stem bronchus. Thej'" are 
nearly always found in a lower lobe bronchus, almost never in an upper or middle 
lobe, ^’he objects found are such things as children play vith. and are likely 
to put into the mouth ; screws, pins, beads, buttons, paxier clips, etc. In a large 
mimber of cases thej'’ are metallic and are recognised in the jdain radiogi’am. 

It is stated by ScMnz that two-thirds of inhaled foreign bodies are non- 
opaque. This proportion Avas observed in a series of forty-two cases examined 
at his clinic. Even metalhe foreign bodies may be hidden b3’^ ribs, heart, or 
spine. Iron foreign bodies may leave a local siderosis after the offending 
foreign, body has been coughed up. 

Teeth and fragments of tooth are sometimes inhaled, particularh’" after 
dental operation, and the recognition of a tooth and its localisation in a bron- 
chus is bj' no means as eas}’^ as in the ease of other foreign bodies. The novice 
ma}’’ ea.siiy be misled into mistaking anj'^ dense shadow in the hilar region — for 
example, a calcified gland, or even an end-on vessel — ^for the suspected tooth 
fragment. It is e.ssential to establish the clear relationship of the suspected 
foreign body vdth the bronchus in more than one plane. Lateral and oblique 
views are, therefore, imperative, with suitable penetration. The Potter-Bucky 
or Schonander grid must oftej] be used. The anatomy of the bronchi must 
be \isualised and kept in mind. Sometimes a foreign body mov'es its position 
after the X-ray has been taken, and maj’- be found in another part of the bron- 
chus, in a different bronchus, or in the other side of the chest. 

Complications of inhaled foreign bodies are atelectasis, ijurulent bronchitis, 
bronchiectasis, pneumonia, hmg abscess, and emi^yema. In atelectasis, the 
collapsed area corresponds to the distribution of the bronchus iuAmlved. It 
may, therefore, involve a Avhole lobe or part of a lobe, according to the situation 
of the foreign bodj'- and the surrounding mucosal swelling Avhich blocks the 
bronchus, so that in a case in which the actual bronchial wall cannot be seen a 
knov'ledge of the bronchial anatoray'^ will enable the foreign body to be localised 
from the position of the atelectasis. 

Non-opaque Foreign Bodies 

Ilanges has de.scribedin detail, in several valuable papers, the changes Avhich 
maj’^ be observed after nrhalation of non-opaque foreign bodies. Xon-opaque 
foreign bodies are nearly alway^s vegetable, including nut kernels and seeds. 
They produce more inflammatory reaction than the metallic. This reaction 
maj^ come on in a few days, or after a long interval after inhalation, and is more 
marked in children under 2 years. About 2 per cent, are corighed up spontane- 
x-n. 1—12 
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oiisly. Tlie symptom of onset is, as a rule, a “strangling attack” tluc to 
glottic siia&m, but when tlio foreign bwly settles ilown into a bronclms tiierc 
may be a quiet period at first. If there is much obstruction, the patient may 
shoY. Yiell-mavLed dyspnoea, particularly if tlic foreign body is in tiie trachea. 

Four definite types of change take place in the lungs. (1) Obstructive 
emphysema; (2) atelectasis; (3) drowned lung ; and (4) hing abscess. 

(1) OssTRircTivn EurritYSEMA. — ^iMndar obstruction is present nliieh is 
greater m expiration than in inspiration. Air enters tlic lung more freely 
than it can lie expelled and the lung is over-<listendeil. If the foreign body is 
in the trachea, both lungs are over-distended. If in the main bronchus, the 
signs are • («) increased transparency of the alTected iiiiig ; (6) diaphragm 
depressed nndsomeivliat limited on the affected side ; (c) heart and mediastinum 
displaced to the unaffected side on expiration. If in the tracliea, the signs are : 
(<i) increased transparency of both lungs ; (6) diaphragm depressed and limited ; 

(f ) heart rotated and its transverse diameter less on expiration tlian on inspira- 
tion. Tlie presence of obstructive emphysema is always more striking at tlie 
end of expiration than in full inspiration. Films should he taken in both phases. 

Regarding the (bsplacement of the heart and mediastinal structures to the 
unaffected side on expiration, if the obstruction is in the lou or half of the chest, 
the lieart seems to swing as if it ucro a iicndiiJum. If the upper mediastinum 
is noticeably displaced, it suggests that there is also obstruction of the upper 
lobe bronchus. Diaphragm movements In tracheal obstniction are sometimes 
paradoxical, owing to the poueifid contraction of the accessory muscles. 

Regarding the rotation of the heart, the apex comes towards the anterior 
chest wall. In the normal condition the transverse diameter of tlie heart is 
greater on expiration than inspiration. The reverse of this has been found 
a valuable sign in obstructive emphysema <lue to foreign body in the trachea. 
The signs in any given case may be very variable, ow mg to tlie foreign body 
changing its position. 

It must be remembered that obstructive emphysema may, in rare instances in 
cliildren, be caused by the pressxireof enlarged bronchial glands upon a bronchus. , 

(2) Atelectasis. — Collapse of tlie long ilistal to the foreign body. Tliis 
oeeura when the obstruction is complete, bo tliat air can neither enter nor leave.'' 
In this case the air is rapidly absorbed from the alveoli Tlie aflected side is 
opaque and the mediastinal structures tUsplaced towards that side. Later the 
alveoli may fill with pus and exudate, and the (hmiimtion in tJie volume of the 
lung is then less obvious. Similar atelectasis may occur in bronchial tumours 
from extenial pressure on the bronchi by tumour or peribronchial glands. Mas- 
sive collapse of the lung may be considered one forni'of foreign body obstruc- 
tion from wliich the “ foreign body,” instead of having been aspirated, is 
mucus collected in the bronchus at the site of obstruction. 

(3) Drowned Lung. — Tliis is a condition in which exudate arising 
distal to the foreign body gradually fills the small bronchi and alveoli 
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by gravity. It rarely occurs alone ; it is usually accompanied by some 
atelectasis. It takes the shape of the portion of the lung supidied by the 
affected bronchus. Its density is said to be lessj^anjfchat of a lung abscess or 



Fig, 117. — ^M. 7. Ateleetasib of light lowoi lobe due to inhalation of grass seed. This iras 
coughed up and chest lapidly became clear. 

coUsolidation, unless atelectasis has occurred. At first mucous, it later becomes 
mucopurulent, and finally may become definitely imrulent. 

(4) LtTNG Abscess. — Lung abscess maj' occur early, but is usually a 
late phenomenon. 

In cases shorving atelectasis or drowned lung, the location is immediately 
apparent if the bronchial anatomy is thoroughly understood. This assists the 
bronchoscopie search. It must be remembered that foreign bodies may cliange 
their positions during broncho&cop^^ 

Radiograpliic exposures should be made as neatly as possible at full inspira- 
tion and at the end of expiration, and it may be necessary to make a child cry 
in order to get deep breathing. If, however, there is marked dj^-spneea, the exam- 
ination must be carried out as quietly as possible. Struggling has resulted 
in sudden change in the position of the foreign body and immediate death. 



CHAPTER XIX 
BISEASES OF THE BRONCHI 

Tue larger bronchi may be seen near tlie hilum ns clear stripes, or, wiien 
vienetl end-on, as circular rings with a clear centre. Tlie smaller bronchi arc 
not readily visuahsed in a radiogram, and play but a small jiart in producing 
the network of lung shadows The walls of the bronchi may be visible in 
the lung parcnchjTna when calcified in elderly subjects, but normally their 
ramifications in the lung cannot be traced with certainty, though here and 
there they may be seen as linear translucent bands cutting across the pattern 
of the vessel markings. If tbe walls are thickened, the lumen widened, or the 
bronelu filled w^th pus, mucus, blood, or serum, they become in some degree 
visible ; they are often conspicuously visible as translucent bands wdien 
surrounded by an area of solid long. This, as Fkiscliner has pointed out, is a 
-laluable point in the differential diagnosis of pneumonic lung from mterlobar 
effusion. Bronchi seen against a background of clTusion are not icmlered more 
visible thereby, but when surrounded by consolidated lung they show up by 
contrast. Bronchi when dilated become visible in bronchiectasis, or apical 
bronchiectasis in fibroid tuberculosis. 

BRONCHITIS 

In bronchitis the bronchi are visible when filled wth secretion. This usually 
occurs m aevie bionchtiis ; there may also be some temporary atelectasis of the 
lung lobules, giving a fine mottleil ap|»earance which in an imcomphcated case 
rapidly clears up. Saul illustrates such a case in a young man radiographed 
during the early stages of an attack ot influenza. TJiis aiijicarance is really 
due to a bronchiohtis. 

Bronchitis deformans is due to pressure of a lymphatic gland ujion a bron- 
chus. In a case described by Said it was an upper lobe bronchus ; the bron- 
chial branches concerned were visible as streaks radiating from the hilura. 
Secretion w ithin them was tbe jirobable cause of the opacity. 

Saul beJievns that the increase in theJinearsinuinti s of the lung in brencJiitU 
is due entirely to the secretion in them and not in any degree to “ peribron- 
chial ” thickening, mucosal thickemng, or thickening of the bronchial walls. 

Bronchiolitis. — Inflammation of the smaller bronchi may lead to their 
occlusion, with multiple areas of aIvcolarcoUapae, which may give a picture very 
reminiscent of coarse miliary tuberculosis. Tbe condition may be found in 
children suffering from measles, and is then almost invariably accompanied by 
enlargement of tbe bronchial and hilar glands. BronchioUtis also occurs in 
180 
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influenza, and after the inhalation of irritant gases (chlorine, phosgene, etc.). 
A classical case (quoted by >Sanie) occun-ed as a result of tlie Cleveland fire 
disaster. In broncliiolitis tlie lower lobes are predominantly affected. 

The worst type of bronchiolitis on record occurred in the measles epidemic 
in the American encamxmient near Paris in 1919. It was fatal in nearly 60 
per cent, of cases, and the pictures showed a generalised miliary appearance 
from apex to base. Similar cases were seen in an outbreak of typhus in Vienna, 
and tlie radiograms showed a streaky appearance in addition to the miliary 
appearance — ^the streaks probablj’- being due to active hyperannia of an extreme 
degree. Autojisy showed these cases to be true bronchiolitis. 

Broncliiolitis obliterans usually follows gas poisoning or other acute 
irritative inocesses and leads to a permanent mottling of the lung fields, 
due to obstniction of the small bronchi by fibrosis, Jssmann has described 
the post-mortem aj)jDearances in such a case. Radiological^, it resembled 
miliary tuberculosis. 

Chronic Bronchitis is stated to cause changes in the bronchial walls which 
are visible in the X-ray, and are attiibuted to thickening of the mucous mem- 
brane. or to fibrous changes in the wall (“ jjcribronchitis Racbographic 
evidence of these changes seems to the miter to be extremely unconvincing. 
Parallel streaks are sometimes pointed out as being due to thickened bronchial 
walls on either side of a bronchial lumen. In the lular region, it is time, 
bronchial and tracheal walls are recognisable as parallel lines or rings, but out- 
side this region the “parallel streak ” api>earance*is usually attributable to sux^er- 
imposition of translucent bronchi upon vascular densities, and the translucent 
bronchus may often be seen crossing the latter obliquely. The v'riter feels 
convinced that a diagnosis of bronchitis, or of perilironchial fibrosis, on a 
suxiposed increa.se in density of trunk shadows is usually impossible. He also 
belieA'’es that in estimating this density, in any given case, insufficient con- 
sideration is paid to the question of contrast. It must be the ease that the 
density of lung detail dex)ends to a very large extent upon the degree of 
di.stension of the alveoli iiiunediately surrounding. We have abundant 
proof of this if fihns are made, for examjfie. in inspiration and expiration and 
then compared. Similarly, the size of the alveoli surrounding the trunks 
varies in different patients, as does also the volume of hmg parenchyma separat- 
ing the different trunks from one another, A moderate degree of emphysema 
of the alveoli will increase the contrast between the lung and the trunk shadows. 
A greater degi-ee of emphysema, on the other hand, may reduce the contrast 
by increasing the scattered radiation. Such a loss of contrast is often seen in 
the emphysema wliich accompanies chronic long-.standmg silicosis of moderate 
severity ; for example, in men who have worked as stonemasons during their 
entire lives. The liilar shadows in such a case are of less than normal density 
owing to the marked perihilar emxjhysema. This factor, varying contrast 
between alveolar tissue and the vascular and connective +issue strands of the 
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strotua, plays an important btifc often incalculable role. It makes the estima- 
tion of the actual density of the vascular and bronchial marliings extremely 
difficult : any apparent increase in density should therefore he interpreted 
^%itb great caution. The problem is further complicated by differences in 
exposure, which may be technical (penetration, luilliamperage, and 
exposuie time), or natural, due to the thickness of the overlying soft tissues, 
breast, subcutaneous fat, and so on 

It IS true, of course, that a more abundant and richer network of lung mark- 
ings does occur in conditions known to lie associated with peribronchial and 
perilymphatic fibrosis (silicosis, asbestosis). It is also tnic that lung marldngs 
are notably ineioased in back pressuto lung (mitral stenosis). In the former 
case there is jiretlominant involvement of the more peripheral jiart.s, where lung 
arborisations are visible in situations ulierc they are normally invisible. In 
the latter case the markings arc widened (<lilatatton of the vessels), and show a 
well-marked “ diminuendo ”wiien traced from liilum outwards. In bronchiec- 
tasis, again, there is often a very striking pattern of coarse strands radiating 
towards tlie bases, the anatomical basis of which is, quite certainly, peribron- 
chial fibrosis and collections of seercHon. Local atelectasis of the alveoli 
immediately surrounding the bronchi maj' play a part (/l5awin«»). But leav- 
ing these examples on one side, the writer believes that normal vanations in 
contrast make it almost impossible to read much of real value into the apparent 
density of the lung stroma as seen in radiograms, and that comment upon these 
points should be avoided wnlc^ a clear opinion can be given on the prohable 
or actual cause of the appearance described. 

Broncholiths 

Bronchohths (“ lung stones ") may occur (I) from calcification in lung tissue 
degenerated after necrosis due to infection, or in tuberculous glands ; (2) 
from calcification around aspirated foreign bodies (pneumoconiosis) ; (3) from 
precipitation of calcium present in excess in the blood ; (4) from metastases 
containing bone-fonnmg cells , (5) in bronchieclatic cavities. They con'^ist, 
as a rule, of calcium phosphate. They may erode the wall of a bronchus and 
be coughed up. Hamioptysis, bronchial spasm, and asthmatic attacks precede 
the attacks. Some patients repeatedly expectorate lung stones. Tliey are 
occasionally demonstrated rachologically Pendergrass and de Lorimier record 
two cases, in one of wliich the abadow ^ the breyiriioJJtJi seen at tlie apex 
of a triangular consolidated area of lung. After e.xjiectoration of the stone, 
both shadows disappeared. In a case reported by Bhcher the stone ivas liidden 
in a pneumonic shadow . 

Tuberose formation of bone occurs in lung tissue in old cases of mitral 
stenosis. The radiological appearances are those of a “ hack pressure ” lung, 
with engorged hila. The lung fields are studded w ith sharjily defined roupded 
calcified shadows {SaJhiger). 
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A delicately branching bone formation in the lung tissue has also been de- 
scribed hi elderly patients, which is not related to the bronchial walls and does 
not follow their course {Pnetmopaihia osteoplasfica racemosa. Simmonds.) 

Calcium metastases may be found in the lung tissues in cases of osteitis 
fibrosa yith napid osteoporosis of the skeleton. 

BRONCHIECTASIS 

Subdivisions of broncliiectasis are numerous, according to the viewj)oint 
adopted. It may be saccular or cylindrical ; diffuse or locaUsed ; sx)indle- 
shaped or, if a series of sacs are jjresent, varicose ; acute or clrronic ; wet or 
dry ; congenital or acquired. Perhajis the most useful division from a radio- 
logical standpomt is that hito congenital and acquired forms, but even here 
there is no clear-cut radiological distinction : nor are the setiological factors so 
thoroughly understood that we can assign a given case uuhesitatmgly to one or 
the other group. 

Congenital bronchiectasis is often associated uith other malformations of 
the bony thorax, ribs, or lung, and, hke these, may be famihal {Kerley). There 
are two forms : («) Cyhndrical enlargement vdth fittle inflammation of the 
bronchi, often s.ymptomless and often limited to one lobe. There is failure of 
development of the alveolar sacs with enlargement of the bronclii. It is often 
discovered accidentall3\ ( 6 ) Cj'stic. The alveoh show complete failure of 
development aiidthe bronchi groAv out as a thin-AvaUed cyst Avhich ma}'^ rei)lace 
an entire lobe or lung. This ballooned, imxAerfectlj’' developed bronchus is 
lined AAdth cylindrical epithehum. It is clear that this setiolog}>' is essentiallj^ 
exactly tiie same as that of congenital cystic lung — namelj’’ an agenesis, or 
failure to deA^eloj) of the ternunal elements of the bronchial tree. This develop- 
ment nonnally contmues for several years after birth and in some cases up to 
puberty. Cases of congenital bronchiectasis may be met Avith^ in the foetus, 
the neAv-born, or at anj^ period later in life. Congenital bronchiectasis and 
congenital cystic lung avouM therefore appear to be one and the same condition. 

Congenital bronchiectasis may occur anyAAdiere in the hmgs. The saccular 
and cystic form is the more common, and shoAvs numerous chcular shadows, 
varying in size from a quarter of an inch to an inch in diameter. Secretion is 
sometimes visible in a fcAv of them, but is often absent; and clinically this 
form tends to be Arithout profuse expectoration and maj’" be entirely dry. If 
it is extensh'-e, there is concomitant retraction of the lung, falhng-iu of the chest 
Avail, and mediastinal displacement. The sacs maj’’ become infected at anj’" 
time. Lipiodol enters the cardties freely. The bronchi leading to them are 
not as a rule dilated. The cylindrical type of congenital bronchiectasis exactly 
resembles the acquued form. 

Acquired bronchiectasis usually originates in an acute respiratory infection. 
This may lead to ulceration, destruction of muscle and elastic tissue of the bron- 
chial Avail, and replacement b3’- granulation tissue and Shroas tissue. At first 
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cal, it uiay later become saccttlar. In some eases chronic bronchitis may 
bronchiectasis. Whether a primary fibro.sis surrounding the bronchi may 
their dilatation is doubtful. Fibrosis is often ibresent, but probabty 
iry. , Bronclhectasis not infrequently complicates tuberculosis, the 



XG. 110. — Congenital bronchiectasis. J^oto .slight “honeycomb ” appcarnnee in lower part of 
riglit upper lobe, confirmed by lipioclol injection, soo Figs. 120, 121. 


u’oncbi leading to the affected region being first damaged by ulceration of tlieif 
vails, and subsequently becoming dilated. 

Aieleclatic BroncMeciasis , — If a lobe becomes atelectatic as , a result of 
bronchostenosis from any cause, bronchiectasis is likely to occiu'Jn a .short time 
unless the stenosis is relieved. Probably, the majoiltj’’ of “ atelectatic bronchiec- 
tases ” in a lower lobe are of the acquired tj'^pe, and the sequence is- collapse,' 
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infection, , broncliiecta- 
sis — ^not: bronchiectaBis ■ 
followed by - 'collapse.- 
Ellis (1933), reporting o 
cases of triaiigidar basal 
shadow in children, 
agrees n*ith .this view. 

In each case' broncho- 
pneunionia had 
occuired in early child- 
hood. The children, 
aged 8-13, had mild 
cough and' scanty 
siJUtum. The triangular 
shadow was proved by 
lipiodol in each case to 
contain dilated lower 
lobe bronchi.. Atelec- 
tasis of an accessory 
lobe, emphasised bj'’ 

Kerley, is probably a 
relatively uncommon 

cause of the basal _ , , , 

a. • 1 1 .. ^ Fig. 122. — Atoicctatic bronchioota.si.s, right lowev lobo. Tho- 

® ^ clC OM . loM'or lobo Is Bhrunkon toa triangular mottled shadow, Male, 17. 

Minor degrees of broil* Disease datos from pneumonia at ago of l-J- years., 

cbiectasis; with or with- 
out collap.se, may be recovered from, and cases are on record of restoration 
to normal of broncln ’svhich liave showm, wdien outlined with lipiodol, very 
definite cylindrical dilatation. 

Radiological Appearances 

Bronchiectasis in , a plain film .shows coarse mottling' usnally tow'ards the 
bases, and fiUiug up the triangle between the heart and diaphragrn. The basal 
striation is increased ; this is due to the thickening of the bronchial wa.lls, 
wdiich become visible. They cease, as a rule, at the level of the diaphragm and 
do not continue dovTiwards behind the dome as do the vascular shadows, and,' 
unlike vascular shadows, do not show regular, diininntion in size or regular • 
branchings. The .cavities are often diflicult to inake out, but tend to lie along , 
the translucent streaks ofthe larger, bronchi. Occasionally; small flmd levels, 
may be seen; . Eibro.ris'and. atelectasis -frequently accompanj^ the/ condition. 
As a result of this, the hmg anarkings.bf the.ld'yi'er lobe tend to be grouped into'- 
the angle between the heart and diaphragm and the branches of the pulmonary 
vessels to the, lower lobes may sliow' a concave type of radiation instead of 
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springin" boldly out into the lung fields. If the atelectasis is marked, the 
lower lobe shows ns a dense triangle in the region just mentioned and on the 
left aide ofter\, and occasionally on the tight, may be completely hidden by the 
heart shadow in the postero-antcrior view. In tJic lateral %'icw the character- 
istic atelectatic posterior trian^e is found with backward sliift of the main 
interlobc, and may be “ honeycombed ” \ritU cavities. 

It frequently happens that there is an intense emphysema on the bronchiec- 
tatic side masking the broncliicctasis or at the most allowing only a few rounded 
cavities to be faintly seen through it. This emphysema being as a rule in the 
middle and upper lobes, it is important to remember tliat the costo-phrcnic 
angles may be well filled and apparently normal even in the presence of a 
lower lobe collapse as a result of this emphysema of the upper and middle lobes. 
The lung marking.s then radiate from the upper and middle part of the hilum 
and the lower lobe collapse is betrayed by the absence of the nonnal lower lobe 
maridngs descending hcliuid to the diaphragm in tlie postcro-nnterior view'. 
Lipiodol should be used in such a case. 

Neither the clinical not the radiographic features of bronchiectasis are 
invariably clear-cut Tiiete are cases of bronchiectasis with well-marked 
physical signs, and insignificant or absent radlograpliic signs. There are others 
with almost entire absence of physical signs, and no purulent expectoration or 
severe taxrcinia Kerley has stated that tins occurs in onc-half of the cases in 
children. Tiie writer's c.xperiencc is that, though it ja often possible to suspect 
bronchiectasis from the condition of the lower root sliadows, the clinical signs 
are more rebable than the radiographic film, unless Hpiodol is used. Saccular 
biOQcliiectasis and large isolated broncbiectatic cavities containing secretion 
may be very obvious. So may upper lolw bronchiectasis, resulting from clironio 
tuberculosis Hero tlie dilatc<l bronchi become verj* obvious by contrast -with 
the surrounding indurated lung. 

If a suppurative inflammatory condition develops in the surrounding lung, 
a homogeneous shadow develops, in which ragged cavities may appear (bron- 
cbiectatic abscess). 

Kerley has contnbuted the following observation : 

“I have seen several cases of bronchiectasis in which tlie w’hole of the 
affected lohe suddenly became opaque. After two or three days’ postural 
drainage the opacity disappeareil and the condition was ns before ; it w’as 
apparently due to a transient pneniaonifis. In such cases it is safer not to 
diagnose a bronchiectatic abscess unless cavitation is visible, or until postural 
drainage has been tried for a few days.” 

It should be rcniembereil that haemoptysis may be the only important 
symptom and that bronchiectasis should always be considered in cases which 
do not show any other evjilanation, e.g. tuberculosis or neoplasm, for tlie 
symptoms. Hanuoptysis may be the only striking symptom ui the dry 
form {Forme stche hcemoploique) of the disease. As a rule lipiodol injection 
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mIU establish tlie diagnosis and this procedure alone can be relied upon to 
define the position and extent of the bronchial dilatations, and to determine 
■whether the disease is unilateral or bilateral. 

Lipiodol Injection 

Tecuxique.^ — (1) The transglottic method is usuallj^ emploj^ed. The 
pharynx is first sprayed with 4 per cent, cocaine. The larynx and upper 
trachea are also well sprayed with a weaker solution, which is cteopped tlnough 
the vocal cords. When the cough reflex is abolished a curved catheter is 
passed over the back of the tongue, and lipiodol, wanned to body heat, is 
injected into the larynx, about 1 e.c. at a time, at the end of each quiet insph'a- 
tion. If only the lower lobes are to be injected the patient sits up. Inclina- 
tion towards one side will fill that lower lobe better. Further tiltmg to the 
side will fill the lower parts of the upper lobe, but for good filling of the latter 
a recumbent position, vitli tlie patient on one or the other side, is usuallj’’ 
necessary. 20 c.c. (10 into either side) will usually succeed in outlining both 
lungs at one sitting if so desired. Fluoroscopic control of the injection, with 
films made as soon as the oil enters the small bronchi, is desirable. Flooding 
of the alveoli tends to obscure detail. This, however, rarely occurs in the 
affected area in a case of bronchiectasis, since the alveoli do not fill at aU and 
the bronchi terminate blindly. Lateral -views are essential, and oblique -views 
are often necessary in addition, since the right and left Imigs are superimposed 
in the ftill lateral -view. 

(2) The Nasal Catheter Method. — A number 9 gum elastic catheter, or in 
children a smaller soft rubber catheter, is passed into the trachea after thorough 
cocainisation of the nasal passages, nasopharynx, and laryzix. The latter is 
preferably done bj’^ dropping 1 c.c. of 2 per cent, cocaine through the cords, con- 
trolled bj'- indirect laryngoscopy. The catheter is passed, after coughmg has 
subsided, through the nose rmtil it touches the larynx. The patient inspires 
deeply and the catheter is pushed into the trachea. If cough supervenes, 
another cubic centimetre of cocaine solution is injected through the catheter. 
The catheter is left in situ, fixed by a plug of gauze in the nose. The end of the 
catheter should be just above the tracheal bifurcation ; the lipiodol, warmed 
to body temperature, is injected. The position of the patient is as follows : 

(1) For the lower lobe — .sitting, inclined to that side. 

(2) For the upper lobe — lying upon side, alternating with prone position. 
Some tilt, head end downw’ards. is permissible, but the head itself must be kept 
raised. Fluoroscopic control is e.ssential. 

(3) Direct Injection into the Trachea through the Crico-thyroid Membrane . — 
For this the patient lies supine on the X-ray couch, and the skin is anajsthetised. 
The same hypodermic isnsed to inject 1 c.c. of cocaine through the crico-thyroid 
membrane into the trachea. A curved needle with lipiodol sjuinge attached is 
then inserted into the trachea and the injection is made. This w^as the origmal 
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method and is still sometimes used. If nVay 'he" difficult fo keep'the .needle hi 
the trachea: especially if there is muclr cough, diid it .is Uo’t uiicohimon to find 
cases in wliicH the mjection has ob^dbusly penetrated into the-paratracheal 
tissues uith unsightly, though axiparehtiy not dangerous, results; 

Appearances offiBronchiectatic CavifieA outlined by Lipiodol . 

CyniXDBiGjpi BKOkCHiECTAsis.^ — ^Thediilar shado-sv is, as a rule, increased 
oudng to peribrorichitis and enlargement of the glands.' The dilated bronchi 

are shomi ‘ as' dense ' ^ ' 

finger-like-'shadoAVS;'' if - 
the bronchi are com- 
pletely f i 1 ie d -w i'-t h- 
lipiodol. If the}' are' 
hicompletely filled; the 
bronchi are -slio\m as 
translucent streaks with 
liarallel dense Avails to 
AA’hich the lipiodol ad- 
heres. End-on bronchi 
appear as rings or, if 
filled, as opaque spots. 

The terminations of the 
bronchi do not shoAv the 
usual fine, branchmg, 

A feAA' club - shaped 
irregular finger-like pro- 
cesses take their place, 
and the finer, bronchi 
and alveoli fail to fill. 

The affected bronchi 
fill passiA'el}' and re- 
main filled for a con- 
siderable time. 

SACCUiiAR Brois- 
CHIEOTA'SI.S. — The 
cavities sIioaa' rounded,, 
circumscribed shadoAA's. 

In the- erect position - - • 

a lipiodol pool Avith fluid level is seen in' the lower jJart of each caifity. If a 
cavity is full of secretion, the lipiodol ’does. not readily mk .with it, but may, 
siuTOund it as a ring shadow AAith clear centre,' reminding one of a diverticulum 
of the colon, containing feces, Avhen outlined AAoth barium. The cavities vary 
in size . Sometimes a bunch of small grape-like shadoAA’-s occurs, grouped round 

X-R.-I — 13 . . • 



fiG. 129. — Saeculnr bronchiectasi-s.'" 
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the smaller bronchioles. Veiy small cavities occur in children after •^^hooping- 
coiigh (bronchiolectosis) (jSicorrf, Forestier, Sekinz) and show a somewhat wide- 
spread (hstribntion. 

Varicose Bronchiectasis is an intermediate form between the cylindrical 
and saccular types, affecting the large and medium-sized bronchi. The 
bronchi are tortuous, and show along their course groups of smallish cavities 
sometimes arranged in linear fasliion, so that they resemble a string of pearls. 
The condition is often unilateral. 

Lipiodol rarely fails to enter bronchiectatic cavities, whether acquired or 
congenital. It usually enters congenital cysts. It frequently fails to enter 
abscess cavities, cavernous neoplasms, and tuberculous cavities, because t}tc 
bronchus loading thereto is blocked by secretion, slough, pus, or granulation 
tissues ; it never enters emphj'sematous blebs and bullm. 

BENIGN TUMOURS OF THE BRONCHI 

Benign tumours of the bronchi (adenoma, fibroma, lipoma, myoma, chon- 
droma, or pol.vqnis) are not bo rare as the literature would suggest. 3Iorlofl. 
and Pmchin found nine in 150 bronchoscopic e.vaminations in the course of 
four and a half years. Though benign, they may produce serious secondary 
changes in the lung, as a result of broneJiial occlusion. A benign tumour 
sliould nluo bo borne in mind as a possible cause of lia^moptysis in suspected 
cases of tuberculosis with negative or atypical findings. Hicmoptysis may bo 
the only sjTiiptoju for many years. 

When the growth Is large, atelectasis may occur suddenly. Usually 
obstruction is slow, and gradoal, and pulmonary suppuration occurs insidionaly. 
Bronchiectasis is a common sequel. Empyema may occur. 

Abase of polypus, causing complete atelectasis of n lower lobe, is illustrated 
in Fig 130. The pcljims, about the size of a large pea, was removed by 
Graham Bryce. The atelectasis cleared up rapidly, and the lung was entirely 
normal on re-esaminatiou a few weeks later. The patient remains well. 

CONGENITAL CYSTS OF THE LUNG 

Congenital cystic malformations of the lungs were first described by 
Fonfamisin 1638 as a result of post-mortem findingsiu a chiMof S months, who 
died dwiing aw atiaidi of eyantKas. The lungs Vvcre reiilat'cd by largo aw-cow- 
tainmg cavities communicating witli the bronchi. Of recent years numerous 
cases liave been reported with similar i>ost-mortem findings. Kooiilz, review- 
ing the subject in 1925, collected 108 cases. Since then otiiers have been re- 
ported in the patiiological and medical literature, and many cases iiave also 
appeared in the radiological literature. Schenk in 1030 collected 232 case-s and 
described the radiological appearances. The congenital origin of the disease 
is fully establLshed by its discovery in the fcotus and in still-born infants, or in 
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children djdng in very, early .infancy.' De Za7iffe describes aii interesting case 
in a cliild who died in a cyanotic attack .when 7 weeks old. Tiie first of a series , 
of attacks had occurred at the age of 7 days.- Autopsy showed nuinerous 
cavities and huUse in the left lung, in places reacliing the surface. Some of the 
cavities did not obviously communicate vdth one another, or with brohclii. 
The cavities were lined with cylindrical or cuboidal epitlielium. De, Lange’s 
case is closely paralleled bj”- that of .drgryK iRoiMz-so??.. , < 

From a radiological standpoint the principal interest attaches to those cases 
in which the disease is latent, and is discovered, often as a chance findings hi 



Fig.' 130. — ^Papilloma of the right lower Same case three month.s after operation., 
lobe bronchus. Atelectasis. Pea-sized adeno- ' - ■ 

inatous polyp removed by bronchospopy. 


older cliildren or adults. Such cases are hot rare, the vTiter having obser\’'ed 
.six hi the last two years. About half the cases are first recognised after the 
fifteenth year. A further question of considerable interest is the relationsliip, 
between bronchiectasis and congenital cj'stie disease. The question has -been 
raised by some authors whether maiiy cases of bronchiectasis , are not actually 
of congenital orighi, representing one- form of congenita! cystic disease 
Kerhy has pointed out that in a revi^ew of sixty cases of bronchiectasis in child- 
hood studied by him, one-half of the cases had no typical symptoms of bron- 
chiectasis (i.e. no ijersistent cough, purulent, spptum, , of: toxa3mia),' and that . 
more than half had associated congenital abriofmalities of, the thorax. . Two’ of 
the patients were brother and sister.:,. He'pommented. upon the not'uhcommon. 
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association of bronchiectasis anti atelectasis of a normal lobe, or of an infracar- 
diac accessor}' lobe. The familial incidence and the occurrence in an atelectatic 
infracardiac lobe have been noted also by other observers (J?jc7iard5). 

etiology 

Various autlioritics disagree as to the mode of origin of air cysts. Dt Lange 
divides them into : (1) Cases of fccta! inflammatory broncliiectasis. (2) Cyst 

formation, in hyper- 
plastic lung tissue. 
(“ Fcctal Adenoma.” 
Stoerl:.) (3) Agenetic 
bronchiectasis. (4) 
Lympliangicctasis. 

By agenetic bron- 
chiectasis is meant a 
failure of the terminal 
buddings of the 
bronchial tree to 
develop into alveoli. 
Tliis leaves spaces 
which, \rith the fur- 
ther growth of the 
thorns and lungs, 
can onl}' be filled by 
dilatation of the un- 
supported bronchi. 
In post - natal life 
these originally 
small bronchiectases 
are increased in size 
by valvular action 
and over - inflation. 
No one theory 
would appear satisfactory to explain all the recorded types. 



Types of Congenital Cystic Lung 

Grawifz divided the lesions into two groups ; (1) Bronchiectasis uniiersalis, 
in which the whole or part of a lobe, ora whole lung, may be occupied by miliary 
cysts distributed through normal parenchyma, or converted into large mulii- 
locuiar or single sacs ; and (2) Bronchiectasis telangiectaiica, a circumscribed 
cystic enlargement of part of a bronchus, with or without communication with 
otlier bronclii. The first group constitute tlie “ multiple tyiie,” the second the 


DISEASES OE THE BRONCHI 


197 


“ solitary air cyst.'* The cysts are derived from bronchial tissue and con- 
tain muscle, fibrous tissue, and cartilage ; they are Imed vith epitheliinn, 
sometimes ciliated, and may contain papillary’' ingrowths. Clinicall}’’ many 
cases are silent, but there maj’- be repeated attacks of bronchitis, with cough 



Fig. 132. — Congenital cystie lung, verified at operation. 


and expectoration, and elevation of the temperatiu'e. In young children, in 
whom solitary cysts are more common, alarming attacks of cyanosis may occur. 


Radiological Appearances 

These are very variable, and depend upon the size and distribution of the 
cysts, which may be foimd in the child or in the adult. One-third of all cases 
occurred in adults in Kooniz’s series ; in one-quarter the disease is bilateral. 

(1) SouTART Am Cyst. — ^A roxmded air-filled shadow, often in the liilum 
region, or at one base, showing no evidence of inflammatory reaction in the 
suiTounding lung. The wall is sharply defined and usually thin. A fluid level 
may be present. The oxifice of communication vith the bronchus is often so 
small that lipiodol cannot be introduced into tlxe cavity. 
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(2) GIA^■T Air Cyst, simulating pneumothorax. Tiiis is an extremely 
important though rare type, in uliich, in extreme instances, the entire hemi- 
thorax may be translucent, and marked displacement of tlie heart and medias- 
tmum may be present. Symptoms may bo entirely absent. The lung markings 
may be missing everywhere, or present in some circumscribed portion of the 
Inng Interesting cases of this tyi>e have been published hf Freedman, Crosm-ell 

and King, Jacobaevs, 
IliiclenilcineT and Horl- 
nagl. The wTitcr has ob- 
served one similar case. 

In RueLcmteiner anA 
JlortnagVs case, X-ray 
examination during e.v- 
ploration by paracen- 
tesis 8 h o IV e d an 
interesting finding. The 
needle, on entering the 
pleural cavity, pushed 
the cyst wall (formed 
by visceral pleura) away 
from the pnrictes. At 
this moment negative 
pressure was recorded, 
proving that the needle 
lay in the pleural 
cavity. Next, the 
needle penetrated the 
cyst w'all, and positive 
j)re33ure was recorded, 
proving that the needle 
was then in the lung — 
wdiich consisted of one 
enormous balloon cyst. 

(3) Mttltiloculab Cysts show' the liuig to be honeycombed in the affected 

part with oval or circular translucent cavities, with or without fluid levels. 
They are sometimes hexagonal from mutual pressure. The partitions ard tliin 
and sharply defined, and there is no reactive inflammation around them unless 
infection lias occurred {Kuhlmann). This is an important point of distinction 
from tuberculous cavities, ^nd therefore no disp lace; 

ment of the heart and mediastinum . Ijpiodol may sometimes enter the cysts, 
"bufivnll not always do so. 

A type of ej'st occurring in the upper lobe, in wiiich the appearance at first 
suggests a bullous emphysema, has bron noted in one case by the author, and 
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is similar to casfes described bj* Flemming Holler, bj^ Freeman, and by 
Detlmiers. Tlie abnormally translucent areas in the upper lobe were sej)arafed 
by thin strands I'adiating out to the x’&ripJjery ; U'^here these i-eached the 
j)leura] surface thej’ tenninated in small peaks or cusi)s. The cysts contained 
no fluid and lipiodol could not be made to enter them. In Lethviers and 
Cherry's cases a beautiful outhmng of ail the cysts «ith Iii)iodol was obtained. 

Minute disseminated crests ma3f stimulate the radiological appearances of 
cUssemmated tuberculous di.sease. or of a disseminated m3’cotic infection. 

A case reported b3’ Kerley is possibly^ an examjile of this 13^30 of the disease. 

(4) Flitid Cy.Sts. — In rare instances a congenital C3-st is entii-el3’ filled uith 
fluid iind shows a circular or oval opacit3^ This ma3’’ occur vdth tymphangiee- 
taticcN'sts or in those of bronchial origin. Ther’^are usually solitaiy and grow 
ver}'' slowly. Ruptm-e into a bronchus 1003’’ occur. 

Kirhlin shows an example of a fluid-fiUed C3^st of bronchial origin removed 
by Harringlon. Its shadow was well defined, rounded and homogeneous, and 
fused medially with the mediastinum. It v as indistinguishable from ain* other 
benign tumour. 

Differential Diagnosis. — Single air-containing solitary C3’-.sts are distinguished 
from other cavities onl3' 133’ their delicate circular wall, without an3' surround- 
nig inflammatoiy thickening. A trace of fluid ma3' be present at the bottom 
of the cavit3'. If the c3’-st contains more fluid, and especiall3' if inflam- 
matoiy changes have followed ruptm-e into a bronchus, abscess or h3rdatid 
cyst may be simulated. 

Large or giant air C3"^sfs are usuall\’^ single, though occasionallj'- two or tiu'ee 
are found together. The3' are demarcated from the normal lung 133* a tliin 
rounded line, and lung mai-kings are absent Avithin them. The difflculty vdth 
the very large cysts is to distinguish them from pneumothorax, for the thin 
outer wall vlienin contact ivith the chest wall is invisible, and the mediastmum 
may be displaced across the midliue.' Differentiation dejiends upon the absence 
of a clearly defined collapsed lung. A diagnostic pneumothorax will often 
differentiate the cyst clearl3’^ b3'^ showing its outer wall. Moreovei*, the cyst 
ma3’^ collapse less than the rest of the lung, and so stand out more clearly. 

Multiple air-filled cysts l3'ing close together give to the affected region of the 
lung a marked translucency which ma3' be diagnosed as emph3^sema. but the 
fine septa form a network of crossing strands or cobwebb3'’ shadows which have . 
a quite different appearance from the normal vascular markings which in 
emphysema can be traced back to the hilum and show regular brandlings. 

Emj 3 h 3 fsematous blebs and bullae lie on the siuface of the hmg ; cysts lie in 
its substance, though the}’^ ma3’ extend in places to the plemal surface, which 
is finely notched where the septa meet it. 

In acquired bronchiectasis there are many cases in which a differentiation 
cannot be made. Acquired bronchiectasis is more often basal, and more often 
accompanied by fibrosis. The usually long-standing infection causes 
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tliickeiiijig of the walls of tlie cavities. The size of the broncliiectntic cavities 
tends to increase peripheraliy. Vascular markings are often increased. Gross 
fibrosis and atelectasis are probably more common in tbe acquired foim, but 
atelectasis may coexist with cither. 

Peirce and Dirkse liavo shown that X-ray appearances like those of con- 
genital cysts may result from lung infeetioti. It is well knovn that vesieuUr 



Fio 134 — Congenital cvslir long, left lotrer loUs. ^’enfied b\ operation 


emphysema nray appear during the course of pneumonia and disappear gradu- 
ally or rapidly. Peirce and Dirkse have found examples of its persistence after 
acute respiratory infections in the form of single or multilocular cyst -like areas. 
In their six cases, five of which were in children under 13, a congenital 
origin could be excluded on the evidence of previous radiograms, or, in some 
cases, by lustological investigation after lobectomy. Tliese workers suggest 
that congenital cystic lung is probably less common than is at present believed 
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and that many cases of supposed congenital cysts are in fact acquired. They 
suggest that “ cysts ’’ of the lung fall into the follo^\^ng groups : 

(1) True congenital cysts, udiich. on the evidence of post-mortem statistics 
in children, are rare. 

(2) Alveolar emphj'sema, in chronic interstitial pneumonia, and bullous 
emplij'^sema, in cases of expiratory obstruction, e.g. asthma. Fluid levels 
are absent. 

(3) Cystic broncliiectasis, usuallj'^ resulting from acute respii’atory infection 
(bronchopneuinonia in childliood). which accounts for most cases of honey- 
comb lung. Fluid levels are often present. 

^ (4) Pulmonary pneumatocele (alveolar or lobular ectasia). They have 
demonstrated in two cases the origin of a thin-walled cyst, which may be of 
the giant type, in the course of a pulmonary infection and its persistence for 
more than a year vdth subsequent disappearance. 

Some cases are suitable for surgery. Lobectomj’’ has been successful in a 
high percentage of cases {Satterbruch). 



CHAPTER XX 
ATELECTASIS 

“ Atelectasis ” and “ collapse ” arc used as synonymons terms in the ratlio- 
logical literature to signify collapse of the lung ah'coli. It may be congenital 
or acquired. 

.etiology and Pathology 

ConoENiTAL Ateleotams tcsuHs from failure of the lungs to expand at 
birth . the infant rarely survives. In infants, in films taken at the end of 
expiration, the lungs may appear so opaque that atelectasis is simulated. 

A case of congenital atelectasis in a new-born child has lieen recorded by 
Kerhy. A radiogram taken si.x hours after delivery shoued complete opacity 
of both lungs The infant was deeply cyanosed and died witliin a short time. 
Post-mortem shoued complete atelectasis of the left lung, and only traces of 
air in the right. There nas no abnonnality of the broncltial tree. 

Complete atelectasis of both lungs in an infant has been observed by 
Mathtr. The cause uas tracheal obstruction by an enlarged mediastinal 
gkndM’hich pressed upon it from behind above the bifurcation. Tli© radiogram 
of this case during life, and a post-mortem radiogram of the lungs injected 
with hpioilol, are shown in Figs. 135, 13C 

Acqihreo ATHLECTAsrs results from bronchial oceuUion. The cause 
may be : 

(а) Endobronchial : e.g. neoplasm, foreign bod}’, mucus, blood, granula- 
tion tissue, pus. 

(б) Extemal ; due to pressure of tumour, enlarged mediastinal glands, 
aneurysm, etc. 

If a large bronclius is obstnicted, massive collapse occurs. If a small 
bronchus is obstructed, the areainvolvodis correspondingly small, and may con- 
sist only of a lobule, or of a part of a lobule. The condition may be present in 
association with many forms of limg disease, and the rapid appearance and 
drsifpjjEHiunte oi ’rang shadow’s so often found, especia’i’iy in Tuihogiurfft 
chil^en, is, in many cases, due in whole or part to tliis factor. The aphorism 
“ think atelectasis ” is sound doctrine. 

Atelectasis of an entire lung results from the blocking of a main bronchus. 
It is fairly common in bronchial caremoma, and after tlie inhalation of foreign 
bodies. Soft vegetable foreign bodies, such as peanuts, or friable material of 
any kind, are particularly dangerous. 

Poat-operah're wassii-e collapse affords a clear-cut example. This condition, 
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made knot'll to us by Pasteur {\dti9), Bradford, Elliott, and Dinghy, has been 
studied racLologically by Boicen, Sante, and Boland and Sherd, among others. 
Its post-oi>eratiTe incidence is diminishing with tlie use of barbiturates for 
aujesthesia, since these stimulate the cough reflex. The uTiter liad an oppor- 
tunity of observing tlie work of Bolatid and Skeret at Ancoats Hospital. They 
examined, uith a portable apparatus, 261 patients after abdominal operations ; 

the ancesthetic used 
was usually etber. 
Six of these had a 
classical collapse of the 
whole of one lung or 
of one lower lobe, with 
clinical evidence of car- 
diac displacement. The 
examination brought to 
light thirty further 
cases, witliout climeal 
cardiac displacement. 
(Eleven bilateral, ten 
in left lower lobe, nine 
right lower lobe.) It 
was found most fre- 
quently after upper 
abdominal operations. 
'The theories of PosJeur, 
Bradford, Briscoe, 
Scrimger, Scott, Sante, 
and others invoke a 



Fio. 137 — Hilateral co1lap« of loww lob^ Tlio trianslo 
or the left lower lobe n jti^t twibte through the heart shadow 
3Iarkedcom{icnsator> emplw scina nils the costo phrenic anglev 


neuromuscular reflex 
aflecting diaphragm, 
chest wall, or bron- 
chioles ; reflex inliibi- 


tion of diaphragm movement is probably a contributory cause, but the mam 


factor 13 blocking of a bronchial lumen by secretions. 

When the obstruction is removed by Tolling the patient on to the unaffected 
side and making him cough, mucus is dislodged, and the atelectasis rapidly 
clears up {Sajite's manceuvre). The occurrence of the condition, in the senes 
referred to, was prevented by- nursing with tlie bed foot raised and the bead kept 


low for twenty-four hours following operation. 


Clinical Features 

During the first twenty-four hours there is a steady rise in pulse, 
-'•spiration rate, and temperature, ■with shallow respirations and restricted 
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mobilitj^ of the chest. Percussion shows diminished resonance and breath 
sounds are weakened. Coarse rales are heard everywhere. 

During the next twenty -four hours c3^anosis remamSj and the temperature 
and pulse are nearing their maximum. Physical signs are those of a “ dead 
lung.’’ On the fourtli to fifth day temperature and pulse subside and the 
cough becomes productive, and the lung becomes normal unless inflammatorj? 
pneumonia or other severe inflammatory changes supervene (secondarj’' broncho- 
pneumonia, abscess). The mortality in uncom- 
plicated cases is low. 

Radiological Appearances 

Acute Massive Collapse. — The region 
occupied bj"^ a large bronchus durmg the first 
twenty-four hours shows increased density Avith 
a mottled appearance. The mottUirgs are abotit 
pea size, but not very regular in size. They 
re.sult from the inteimingling of lobules already 
airless, A\dth others in which absoi-ption of the 
air is incomplete . At the end of forty-eigbt horns 
the opacity in this atfected area is uniform. The 
oxygen is rapidlj" absorbed, the nitrogen not 
fully absorbed for twenty-four hours. 

Diminished lung volume is expressed in 
Amrious AA^ays. There is diminution in size of the 
affected hemithorax. The ribs slope more steeply 
on the affected side ; the intercostal spaces are 
narroAved, the diax^hragm eleA^ated, and the 
mediastinum displaced toAA'^ards the affected side. 

The latter sign is common if the Avhole lung is 
atelectatic, but not at all common if the loAA’'er 
lobe only is affected. It is found in the latter 
case that the tendency is for the heart to be 
displaced backwards, but not to one side, as 
shoAvn bj^ study in the lateral AdeAA'. The loAA'er 
lobe is then found to be croAvded into a small triangular area in the posterior costo- 
phrenic angle by the other lobes, and bomided anteriorly by a clear-cut anterior 
marghi. The hilum is'displaced baclcAxards also. The antero-posterior AdeAV shoAvs 
a characteristic triangular shadoAv beside the heart, or on the left side overlapjAed 
by it ; broader below than aboA’^e ; of imiform density and bormded on the 
OAiter side by a Avell-defined margin, often concave toAA’-ards the outer side. 

The diapln-agmatic elevation is, in the loAA'er lobe involvement, most marked 
at the posterior cul-de-sac. In other cases there is found also an eleAmtioh of the 
medial jjart on the affected side, running up to become continuous Avith the heart 



Fig. 13S. — Diagram : A eol- 
iapsed lower lobe may be invisible 
in tbo full lateral view (a), because 
its anterior surface has rotated 
baclcwards. It will show a well- 
defined edge if viewed from {&) 
posterior oblique (.see Fig, 139), 




multilo TJk 

, Pio. 139. — Collapse of loft lower lobe. The patient waa »nlPrlolwr jilomisy i» oxtremcly ilifficiilt: 
rotatodintotheloftpoBtenorobliqiiopoeitiontoahowthewell. '*^ilor shailo^ra nnii the absonoo of rtxog 
<lcfinod edgo of tho lobe, not vtoiblo m tlio |MMtero-anlerior or miiWlo lobo fcOipport ibo itiagnoiis. 
full lateral positions {soo text). 
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and filling in the cardio-plii-enic an^e with a triangular aliatlow. A sinxilar ap- 
pearance 13 often found in hroncliial cardnotna with atelectasis of a lobe or lobes. 

After re-aeration, the lung does not at once return to its normal Bize, being 
sometimes maintained in a partly shranken condition by pleural adhesions, or 
by the compensatory empliysenia of the other lobes. Residual local consolida- 
tion IS found in a few cases. 

Pulmonary atelectasis occurring in association uitli inhaled foreign body, 
neoplasm, tuberculosis, lobar pneumonia, and bronchiectasis is described imdet 
tlie appropnate sections. Localised areas of atelectasis due to pressure of the 
enlarged ends of tlie ribs in rickets have licen described. Atelectasis from com- 
pression of the lung occurs in pleural effusions, general or localised, pneumo- 
thorax, tumours of the pleura or chest wall. Deficient aeration, amounting 
to partial atelectasis, also occurs in seriously ill bedridden patients, in uliom 
diaphiagmatic movement is greatly rcstrictetl. The basal parts of the lung 
then show an opacity which may be WTongh’ interpreted as bronchopneumonia 
or “ liypostatic ’’ congestion, but is really duo to temporary lobular atelectasis. 

COI.I.ATERAL Respibatiok. — Asa rcsult ofc-xperiments carried out by them, 
both in e.xcised lungs and in ana5sthctise<l dogs, Van Alien and Lindslog con- 
clude that there are minute communications, as yet unidentified, between the 
alveoli of diffeient lobules. According to tbeso workers, “ collateral respira- 
tion ” takes place through these channels, ami plays n large part in preventing 
the onset of atelectasis and in providing a mechanism by which the smaller 
bionchi, w hen 'obstnicted by secretions, may be cleared : for the air in this case 
can seep into the alveoli supplied by these bronchi, through these collateral 
channels, from the adjacent normal parenchyma. The theory is somewhat 
revolutionary, though some of tlie expennienta are con\’incing. The experi- 
ments, however, show that when a large lobar bronchus is obstructed, no colla- 
teral respiration occurs- This suggests a possible argument against the theory ; 
for in many lungs the interlobar fissures are so shallow that large surfaces or 
p-axenchyma supplied by different lobar bronchi are actually in contact. In 
such a case, collateral respiration should occur from one lobe to another. 

Adanis and Voncald found that collateral respiration did occur from lobe to 
lobe in some dogs, apparently as a result of pliysiological anastomosis with an 
adjacent lung lobe, and they query the statement of Van Allen that it only 
occurs in occlusion of the smaller bronchi. 

The work is of great interest, but needs confirmation. TJie wiiter believes 
that the conclusions of Rabin that segmental atelectasis can only occur in 
an inflamed, and not in a healthy, lung are not yet justified. The wTiter lias, at 
all events, observed its occurrence after sudden obstruction of a medium-sized 
bronchus by foreign body or haemoptysis. 

Linear Atelectasis {horizonlal linear sJiadou’s al the lang hnses). — 
Very puzzling transverse lines are sometimes seen at one lung base, right 
or left, crossing the hemithorax roughly parallel to the diaphragm and not 





malt of riRhl upppr lobe. Child, 13 ji 
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corresponding to any normal interlobar fissnres. The -imter has, on many occa- 
sions, noted these abnormal shadows. Recently in an asbestos worker 'R'ith 
early signs of asbestosis, the shadow, not present five years previously, was 
found to have devoloj)ed. In another case it was an accidental finding in a 
patient suffering from metastatic carcinoma in the spine, not bedridden, and 
shoving no other sign of pleural or pulmonary metastasis. In another case 
it appeared after resolution of an atelectasis in a case of mediastinal neoplasm, 
but had not been present in a film taken prior to the collapse of the lung. 

There is iisually some associated elevation of the diaphragm and loss of 
aeration at the base. Flelschner. Laurdl, and Hulten have drawn attention to 
these fines in patients suffering from, or convalescing from, acute abdommal con- 
ditions or fracture of the ribs. Fleischner, in a post-mortem of such a case, has 
found a transverse band of atelectasis running through the hmg vith a deep hori- 
zontal groove on the lateral surface of the Imig corresponding to, it. It would 
appear that these atelectatic fines follow prolonged elevation of the diaphragm, 
or long recumbence, or basal infection, but these are not essential factors. 

Fleischner regards them as linear or disc-shaped areas of atelectasis, resulting 
from the prolonged occhrsion of a small bronchus. The original pyi'amidal atelec- 
tatic lesion is pulled out into a flat form, being fixed medially b)' the bronchus, 
peripherally b3’- the plema, when the lung re-expands to its normal dimensions, 

A possible, but as jQt unproved, som-ce of these lesions may be a local seam- 
like adhesion of an infolded portion of the visceral pleura, occuning during a 
period of incomplete expansion of the lung, as might occur in acute abdominal 
conditions. This might well give rise to a localised atelectasis, projecting into 
the deeper part of the lung from this region of the pleura. The true mechanism 
of production, however, is as j^et unknown. Li a few instances thej'^ may be 
accounted for bj*^ gross displacement of the interlobar fissure in which there is 
thickening of the inteilobar pleura. 

OccasionaUjmn accessorj' interlobe sei>arating the posterior accessory lobe, at 
the apex of the lower lobe, from the lower lobe is visible in the postero-anterior 
radiogram crossing the chest at mid-level. .This can be distinguished from the 
horizontal fines just described hy the lateral vie\y. Anormal main interlobe, dis- 
placed downwards and distorted bj" fibrosis, may also give rise to asimilar shadov’. 

Haudeh describes six cases vith these horizontal or . oblique shadows 
associated vifh disease of the fiveiv cholecystitis, peritonitis, etc.' Autoi)sy in 
some eases showed pleural changes vdth depo.sits of fibrin. The diaphragm had 
been shown to be elevated slightly and its movement limited. ' 

Udvardij has illustrated other cases of this condition secondary to abdominal 
conditions, and ascribes it to a direct transference of infection via lymphatics 
which permeate the diaphragm leading to subplem'al pneumonic foci and pleui-al 
infection. The causative le.sions were:, (a) ovarian tumour, vith acites ; 
(b) intestinal cancer ; (c) ciiTho-sis of the liver vdth ascites ; (d) appendicular 
disease ; (e) pancreatitis : (/) renal infection. 



CHAPTER XXI 
EMPHYSEMA 

This tehm indicates iuciease in air cajMicity of tlio lung or part of it {Karstier). 
It may bo simple over-distension of the alveoli, but as n rule tliere is also 
rupture of the alveolar Mails. It occurs iti acute and chronic forms. 

(1) Acute emphybcnia is ol>serve<l in some cases of death from anaphylactic 
shock, by dromimg or otlier forms of asphyxia ; radiologically it may bo ob- 
served in valvular obstnictions by foreign body and in the form of acute 
vesicular emphysema. 

(2) Chronic emphysema. Occurs in three forms : (o) Substantive — essen- 
tial emphysema , (6) bcnilo emphy.scma ; (e) complementary emphysema. 

CHRONIC ESSENTIAL EMPHYSEMA 

Pathology. — This condition is also known as chronic, large lung, op “ hyper- 
trophic ” emphj’soma. Tlio latter term is incorrect ; there is no actual hyper- 
trophy of the lung alveoli, but on the other hand an atroiihic condition of 
their walls. It occurs in many fonns of lung disease, especially asthma, 
bronchitis, tuberculosis, and silicosis. It frequently compUcates, and may 
mask, bronchiectasis. 

The cause is unknoMm, though repeated forcible coughing against resistance 
of tenacious secretions and reduction of the elasticity of the lungs with 
increasing ago probably play some part. Toxic factors, e.g. alcoholism, 
syphilis, and inflamiuatorj- disca‘«c, may also predispose. 

Tlie lung is enlarged and <locs not readily collapse. TJie fusion of alveoli 
produces vesicles several milhmctres in diameter, or large bulla; several centi- 
metres m diameter. Bulla; are most commoiily found at the anterior or Inferior 
sharp margins of tiie lobes. Tiiey do not always communicate iritli bronclii. 
The elastic tissue of the lungs is reduced. Passive hyperieniia may bo present 
in the later stage. 

Radiology. — ^The radiological signs are: (1) Alteration in the shape and 
size of the chest and he.'irt ; (2) increased translucency ; and (3) diminution in 
the change of translucency on deep breathing, and in the range of movement m 
the chest walls and diapliragm. 

Kerley, in a thoughtful pajicr, points out that in the diagnosis of this con- 
dition radiology plays a lending role by bringing to light not only the emphysema 
itself, but also the underlying or associated pulmonary' disease, to whicli the 
emphysema points, as a gastric incisura points to an ulcer. Tliis paper 
describes the radiological findings in considerable detail. 
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movements ai-e tliminislied As a rule the only iinderljing or a'5sociated 
pulmonary disease is a chronic bronchitis. 

The DiAPirRAOM. — This ia*usually one interspace lower than normal. Tlie 
central tendinous part is hoiizontal. The cardio-plirenic angle becomes 
•widened, approaching a right angle. The intercostal slips of origin of the 
diaphragm may be clearly vi*>ible. 

The ilARKiKOS. — The periplieial lung markings become less visible. 

Near the hiluin the larger vessels stand out distinctly, partly because of an 
‘increase in their calibre, partly ouing to emphysema of the alveoli surrounding 
them, which is sufficient to increase their contrast and definition, but incapable 
of causing over-exposure of such Ini^o structures, ns it does in the case of the 
finer lung details The lung markings of the upper lobes usually remain dis- 
tinct, and may be increased if these vessels are carrj’ing more than their normal 
contents of blood, or if there is an interstitial fibrosis. 

Bull® may develop in the course of chronic emphysema, or in any other 
type They are described below. 

SENILE EMPHYSEMA 

This is also known as the “ small lung ” tyiie. It occurs in elderly indi- 
viduals, and is due to atrophy of the alveolar walls mtliout absolute increase in 
the intra-alveolar prcMSure during expiration, normal respiratorj’ pressure being 
sufficient to rupture tbo damaged alveolar walls. 

Radiolooically the appearances seen dificr from the preceding only in 
degree. The lungs being small, the alterations m contour of tho chest and in 
position of diaphragm and heart are less marked and may be unnoticeable. 
Respirator!’’ variations in transluccncy and diapliragm movements are dimin- 
ished because the chest is usually rigid and the lung inelastic. Tlie finer lung 
inarldngs are either normal or increased ; the increase in the markings may m 
part be due to increase in the fibrous tissue of tho lung stroma, but this inter- 
pretation in any given case is a matter of conjecture. 

COMPENSATORY EMPHYSEMA 

Compensatory emphysema is a passive dilatation of a ivhole lung, of one or 
more lobes, or of part of a lobe, and occurs when other parts of the hmg are 
cUminished in volume by fibrosis, atelectasis, or other disease. It is not com- 
pensatory in a functional, but only in a spatial sense, and is better termed 
“ complementary ” emphysema 

It may occur very raindly and disappear as rapidly — ^for example in a 
case of collapse of one lobe from temporary blocldng of its main bronchus-- 
but may become permanent, in which case the alveolar walls lose their elasti- 
eitj' and become atrophic and a true permanent emphysema develops. 
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An extreme degree of compensatory .'emphysema is shown in .Eig.' 14G ;' . a- 
museum specimen from a case' of fibrosis ; of the entire' left lung. Thiskmg, 
invisible in the photograph,, is represented by a small solid, mass lying posteri- , ,■ 
orly. The heart, on the extreme left of the specimen, .was in contact- with the ‘ 
left chest wall. The right upper Jobe filled both apical regions, and the. right 
middle and lower lobes also appear in the left thorax. . 

Radiologicatxt the striking feature is the apparent completeness -VAdth • , 
wliich the emphysematous lung may fill’ the chest. It is b}^ no ipeans 
uncommon to find, foi. example, a Itmg field of nearly normal size even in . 
the presence of a completely collaj)sed - ^ ... t . 


lower lobe. The . postero-anteiior 
■sdew in such a case maj'^ show the 
cupola of the diaphragm to be at a 
normal level, and the lateral costo- 
phrenic sinus well filled by the middle 
lobe. Careful inspection of the film 
will, however, shoAV tlnee tilings : 

(1) The lung . marldngs at the 
base do-not pass doivnwards behind 
the diaphragm. 

(2) In the .lateral view the jios- 
terior costp'-phrenic cul-de-sac is 
shallow and the iiosterior part of the 
diaphragm elevated. 

(3) In both views, but more par- 
ticularl}’’ in the postero -anterior, the 
Ausible lung detail, traced back to the 
liiliun, is foimd to belong to upper 
and middle lobes, a fact which can 
be confirmed by tlie use of lipiodol. 

Li])iodol wiU in such, a ease shoiv 
that the lateral costb-iilirenic sinus 
is occupied by a branch of the first , 
ventral bronchus suppljdng the 
middle lobe. ' Similarly in atelectasis 



Fig. 146. — Compen-satoryempliysema. Biglifc 
lung flUed the entire chest, and both apices wero 
foi-niecl by right upper lobe, which liad become 
moulded into both aj)ical domes. Fight middle 
lobe reached across chest to left chest wall, 
above the heart. The fibrosed left lung, hdrig 
po-storiorlyi is invisible in the photograph. , 
(Specimen, Path. Mus. Manchenicr (Inivcrfiity.) 


or fibrosis of an upper lobe the middle lobe vessels and bronchi arch steeply 
upwards towards the second or .third interspace. Careful observation ■ of such • 
facts AviJl prevent the overlooking of a ' compensatory emphysema, a . mis- 
take Avhich is' serious when, as often occurs,- it is masking a bronchiectatic 
lower lobe. . If the interlobar fissures are visible, , they Avill usually be foxuid- 
to be convex toAvards the shrunken portion of the limg arid .away from the' ■ 
emjihysematous lobe. • . " . . . - ; - , . 


If the lung is greatly enlarged .by edinjiensatbiy..emph 3 'sema, 'it often dis- . 
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places the pleura across the mklUne, and its edge appears on the opposite side 
of the sternum. Usually the hallooning is anterior to the heart, as the lateral 
view clearly demonstrates. If the area of lung affected by compensatory 
emphysema is large, the changes in rilw previously described v ill occur. In- 



Fio 147 — F 48 Sufgieal emphvocroft Mtondmg from meiliastinuni into neck b wmlt of 
[lerforation of ce^ptmgut bv au-alion od meal liono. 

I creased traaslucencj’ of the lung and a fanning out of the lung markings, with 
obhteration of tlie finer lung details, are also seen. 

Pulmonary collapse (neoplastic or othenvise), tuberculosis, fibrosis, and 
bronchiectasis are the conditions in nhicit compensatory emphysema most 
commonly occurs. It is stated that it does not accompany the “epitubercu- 
lous ” lesions of childhood {KerJey). 

ACUTE VESICULAR EMPHYSEMA 

This is gross localised alveolar dilatation, wjiich may give rise to clearly 
defined ring shadows. These occur with some frequency in the neighbourhood 
of the consohdated area in children with pneumonia, and simulate caidties. 
Tliey may rhsappear rajudJy or persist for months. 
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BULLOUS EMPHYSEMA 

BuIIeb mt\y occur in any tjrpe of emphysema. They arc shoAvn as ring-shaped 
areas if single, or as polyhedral translucent areas separated by fine linear walls 
where several bullse lie h\ contact. Thej’^ are sometimes subpleural, sometimes 
interstitial. Lipiodol cannot be made to enter them, a point of value in their 
differentiation from congenital hmg cysts — ^which can usually be filled. They 
may simulate tuberculous cavities. Bullae may be observed on the surface of 
the lung in pneumothorax, especially if the lung is carefully screened at varjdng 
angles. In a series of fift3^-five cases of spontaneous non-tuberculous pneumo- 
thorax, Kerley was able to demonstrate them in eight cases. It is probable 
that the large ifieural rings sometimes fmmd in pneumothorax are actually 
emphysematous bulloa. It was sho%ni bj" LatireU, bj’^ experiments in calves, that 
emphysematous blebs and bull® cause ring-shaped shadov's in the ra(fiogram, 
the marginal density bemg due to a .smTounding zone of atelectatic alveoli. 


INTERSTITIAL AND SUBCUTANEOUS EMPHYSEMA 

Air may enter the interstiiial tissues of the lungs if the alveoli are torn by 
needle punctures, rib fractures, penetrating wounds, or other injury, or after 
tracheotomy or perforation of the bronchi. Violent coughing in children maj'^ 
have the same effect. Tire air is present in bubbles in tire interstitial tissue, and 
underneath the pleura between the anatomical lobules. It ma}'^ extend into 
the mediastinal tissues and may follow the cervical fascia into the ireck, and 
may even extend over the chest and abdomen as subcutaneous emphj^seirra. 

iSvbadaneoti-s emphysema is more commonly seen as a result of admission 
of air to the pleural caAfity by needle puncture, A\ith or Anthout actual irene- 
tration of the lung, AAuth subsequent expression of the air during coughing or 
breathing. 

RiiniOLOGiOAiiLY subcutaneous emphj’sema is freqirentlj^ seen in the form 
of numerous air-containing translucent patches in the subcutaneous tissue. Oir 
palpation, the feeling of crepitation is as characteristic as the radiological 
picture. Occasionallj” in Avar-time the Atuiter has seen a similar picture as a 
result of gas infection AAithout pulmonary involvement. 

Interstitial and mediastinal emphysema are very rarely seen radiological^. 
Assmann describes a case in Avhich mediastinal emphysema occurred as a result 
of intense dyspnoea in a case of bronchiolitis obliterans. The radiogram 
showed along the borders of the mediastinum a broad translucent stripe con- 
trasted Avith the opaque lung field, of finger breadth, which was confirmed by 
autopsy^. Tins levealed emj)hySema consisting of air vesicles in the loose 
tissue beneath the mediastinal pleraa, to Avhich it had spread from the roots of 
the kings. 
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Lipiodol in Emphysema. — Lipiodol filling sliov a the bronchi to be fanned out 
and separated -w-iclely from one another. Tim smaller broncliioles often fail to 
fill, or “may do so irregularly. A beaded appearance is due to slight localised 



Fio 148 — Bilateral lower lol}o rollap'ie, with marked compeniwtory emplijsema of the 
remnimng lobe^ lAjvrer lobes contracted to anuill tnansles behind the lieart shodow On the 
right side the upper and middle lobe bionchi are outlined with hpiodol 

dilatation of the small brenclii at the points where they are unsupported 
by cartilage. 

Chrisfopherson finds that the alreoU fill more readily if empliysema is 
present. In the absence of emphysema the filling of the terminal broncliioles 
and alveoli is stated by tins author to be dependent upon the preponderance of 
sympathetic (dilator) or vagal (constrictor) nervous control. Jlinor degrees of 
dilatation of the raedium-sizecl bronchi are demonstrable in asthma. 


CHAPTER XXII 


PNEmiOXIA AXD FIBROSIS 

Acute lobae pneiunonia is characterised consoKdation of one Or more 
lobes of the limg. It is caused by pneumococci •\vhicb enter the'lxmgs through 
the air passages. BlaJ:e and Cecil (1920) found expeilmentaUy that 
jxneumococci pass through the bronchial walls in the liilum into the interstitial 
tissue, where they spread outwards along the perivascular and peribronchial 
lymphatics, this cellulitis being folloAved by invasion of the alveoh trom 
without. The hilar regions are the first to consofidate. Sclwbl and Sellards 
(1926) also found this “ wave ” of progress outward. Caskell (1925-7) 
made experimental intrabronchial injections into rabbits, passing a catheter 
into a bronchus and introducing pneumococcal cultmes. var5dng the 
virulence of the cultures used, various degrees of pneumonia were obtained, 
the less virulent giving bronchopneumonia ; the more virulent, lobar 
pneumonia ; and the higlily A'^irulent, septicaemia. 

Types of Pneumococcus Pneumonia. — ^By serological xnethods, three main 
types ^of pneumococcus (I, II, and III) are distinguished. A fourth grouj) 
(IV) is a category in which are jxlaced pneumococci which are not identifiable 
vdth Tj’pes I, II and III. Pneumonia due to Type IV is usually mild, and 
these are the pneumococci found in healthy carriers or patients with chronic 
catarrh of the upper air passages. 

Types I, II, and III are more virulent but less Avidely distributed. “ Type 
I pneumonia is the classical Amriety AAuth sxxdden onset and AA’ell-defined 
physical signs. These cases shoAV early consoUdation, and spread from liilum 
to peripheiy ; X-ray findings shOAv rather more Aiddespread lesions than can 
be detected clinically, and in oA’^er 50 per cent, more than one lobe is affected. 
Consolidation is maximal on the seventh to eighth day. 

Origin and Spread of Lobar Pneumonia. — fri children the disease often 
appears to commence peripherally and to spread to the rest of a lobe, until 
ultimately the shadow reaches the liilum. It would appear that the pneu- 
mococci penetrate farther along the bronchi before piercing the bronchial aaeU 
in such ea=!es. 

The classical stages of congestion — red and grey hepatisation — cannot 
be clearly distinguished in the radiograms. The congestfre stage sIioaa'S 
only an increase of the A’ascular shadoAvs. It lasts but a feiv hours. Bed and 
grey hepatisation shoAv no radiological difference from one another. The' 
shadoAv of pneumonia, once fully deAmloped. endures until the crisis : shortiv 
after the crisis there is visible eAudence of resolution in the X-ray. 
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LOBAR CONSOLIDATIONS : RADIOLOGICAL APPEARANCES 

Sante, in 1923, gave an exhaustive account of the radiological appearances 
of lobar pneumonia in a series of 162 cases, examined radiologically at interval 
of one to tlirce days. He pointed out the dependence of the radiological 
findmgs on the arrangement of the lobes ami fissures. 

In Right Upper Lobe Consolidation, the whole tipper lung field is opaque. 
The lower border in the xHistcro-anterior radiogram is well defined, owing to 
limitation at the honzontal jntcrlobc. If an element of collapse is present, the 
interlobe is convex upwanls, but if the consolidated lobe is massive, without’ 
collapse, tlie liorizontal intcrlobo may l>e bulged downwards. In the lateral 
view the shadow is shaped ns in Fig. 149, and it will be noted that the well- 
defined bounding line between the posterior part of the upper lobe and the 
upper part of the lower lolie is only to lie seen in this view, since in the jKistero- 
antenor view it is oblique to the rays. 

In Left Upper Lobe Consolidation, the upper and Inner three-quarters of the 
lung field is opaque, and the lower and outer border of the opacity follows the 
line of the incisura of the oblique fissure. This border is not sharply defined 
in the poatcro-nnterior view because this margin of the lung is thin and 
triangular in section, and casts a shadow of gradually diminishing density 
towards its lower edge. The costo-phrenic angle is normally translucent, 
this part being occupied by the lower 
lobe. In tlic lateral view the appear- 
ances are very characteristic— a sharply 
defined oblique line of the main fissure 
dividc.<i the antero-fiuporior opaque 
upper lobe from the postero-inferior 
lower lobe. 

In Middle Lobe Consolidation, the 
tipper border is bounded by a horizontal 
line, usually convex upwards. The 
shadow IS triangular; its lower and 
outer margin follows the fine of the 
iiicisura of the main fissure on the sur- 
face of the lung, and. as in the case of 
tlie left upper iobe consolidation, fades 
out as this lino is approached, since tlus 
matgin of the lower lobe is also tn- 
aiigular in section. The costo-phrenic 
angle occupied by the lower lobe 
is clear. 

In Lower Lobe Consolidation. — ^In the postero-anterior view the lower 
two-thirds of the lung field is opaque. The opacity is homogeneously dense 



Fjo 151 — Consolulation of right middle 
lobo. lateral mow F. 12. Chronic pnen 
moma, posaiblv tuberculosis Rcsolve<l bix 
montiia later 
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at the base and fills the costo-phreiiic angle. In the upper tliird of the lung 
field the margin becomes ill defined, since the upper margin of the" lower lobe 
tapers off in this direction. In the lateral view the oblique fissure di\ddes 
the lung field into an antero-superior translucent half and postero -inferior 
dense .half. If atelectasis is combined with the consolidation, the oblique 
fissure is disifiaced baclc^vards and dowmwurds. and the posterior part, of the - 
diaphragm raised on the affected side. 

These observations of Sante have been endorsed bj”^ all observers, and are 
w'ell kno^vn. More difficult to evaluate and to diagnose radiologicaUy are 
partial pneumonias regarding which the Avriter offers the following obsen'^ations. 



PARTIAL PNEUMONIAS 

The pneumonic process may affect only one portion of a lobe at the time of 
examination and subsequentlj'- spread to the remainder of the lobe, or it may be 
limited from the be- 
ginning and maj’^ 
remain limited 
throughout the 
disease. Such partial 
pneumomas, of wiiat- 
ever setiologj', show’ 
pyramidal areas of 
shadowing, and two 
projections may be 
necessary in order to 
show’ their pjuamidal 
shape and true 
nature. ThevusuaUv 

Kf V 

occupy the distribu- 
tion of a definite 
branch or branches 

of the main bronchus supplying that lobe and commonly lie near the 
interlobar margin. If atelectasis is present as well, the interlobar fissure 
is then convex tow’ards the opacity. On the right side in the postero- 
anterior view consolidation in the distribution of 'the pectoral humches of 
the right upper Jobe bronchus is shoAvn as a triangular shadow; Arith its 
base continuous with the right border of the mediastinum, its apex'outAA'ards, 
its loAver border sharply limited, to the horizontal interiobe. Consolidation 
limited to the p)osterior apical hanch produces a somewhat ill-defined shadoAA', 
AA'hich may or may not show a clear-cut loAver margin in the postero -anterior 
view. Usually this margin is not clear-cut. since the adjoining fissure is 
obhque. Consolidation limited to the distribution of the axillary branches of 
the right upper lobe is triangular with base at the axillary Avail, apex toAvards 



Fig. Io 2. — Diagiam : Coti=olidation m the pectoiai and nxdlaTj- 
segments of the right nppei lobe in anterior and lateral projections. 
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FiQ 1S3. — Diagram: Con9o]i<Jation in tho opical a^mcnt of tlio 
right upper lobe in anterior anil lateral projection*. 


the hilum, and is limited below by the hoiizontnl interlobo. TIio appearances 
given by the-^e partial coDKoUdations in the postero-anterior and lateral view 
are shotvn diagramniatically in Fig. 152. Partial consolidations limited to 

the ascending apical 
branches of the upper 
lobe show a trian- 
gular opacity, with 
base d irccted towards 
the supraclavicular 
region, apex at the 
htliitn, and inner bor- 
der continuous vith 
the mediastinal 
shadow (Fig.' 153). 
These have to be dis- 
tinguished from com- 
plete atelectasis or 
fibrosis of the upper 
lobe and from con- 
solidation in an azygos lobe, (a) From atelectasis or fibrosis of upper lobe : 
In this condition there is : (1) a “ fanning out ” of the bronchial shadows of 
the middle and lower lobes on the right side or lower Jobe on the left side ; and 
(2) compensatory 
emphysema of those 
lobes. (6) From coh- 
solidated azygos 
lobe : the latter 
azygos lobe usually 
has a convex outer 
border. I 

Partial consobda- | 
tions limited to the 
first dorsal branch of 
the lower lobe bron- 
cJtxis shows in the 
■posteso-AnteiioT view 
a somewhat diffuse 
circular shadow, not 
sharply defined on 

either aide, which lies to the outer mile of the upper lulat region. In 
the lateral view it is sharply defined abovo by the upper part of the oblique 
fissure, less well defined below, and triangular in shape ; Avith its base at the 
posterior wall, apex at the liiJum (Fig. 154). If this region exists ns a separate 



Fjo 154.— Diagram : Con«oliclation m the Bpical eegmPut of the 
right lower lobe in anlerior and lateral projection^. 
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lobe, the triangle is sharply defined ImjIow by the accessor^' fissure. 
Partial consolidations in the remaining area of the lower lobe siiow ill-defined 
shadows in the postero-anterior view. In the lateral view tiiey have their 
.apices diiccted towards tlio liilum, and their bases downwards and directed 
either antenorly, vertically, or jiostcriorly acconling to the bronchus involved. 
When the «7tofe di‘s(rt(n(fio« o/ (he lower lobe 6ro«c/i«s is affected with the 
exception of the first dorsal branch, ft clinmcteristic broad triangle is seen in 
the lateral view . 

Differential Diagnosis. — If reliance is placed tipon a plain postero- 
anterior film, it may be quite impossible to difierentiate these partial consolida- 
tions from interlobar elTuaions, since tbe.se cfTiisions lie in the fissures boimding 
the lobes. An effasioii in the upper part of tlic main interlobar fissure ma}' show 
in the postero-anterior radiogram sharp limitation below at the junction of the 
fissures, and present a shadow very similar to a consolidation of the lower part 
of the upper lobe. An effusion in the lower part of the right oblique fissure is 
difficult to differentiate from middle lobe consolidation, The lateral view 
nearly always clears up the diagnosis. A posterior parietal ciTusion on the 
back of the chest wall, in the jiostcro-nntcrjor view, shows a diffiiso shadow 
often mistaken for a lower lobe consolidation. Jn tlie lateral view its convex 
anterior border is eharacterLstic. Interlobar effusions are relatively rare, con- 
solidations very-common. 

COURSE OF LOBAR PNEUMONIA 

Davies, Hodgson, and 117117%, in an important review of 111) cases of 
pneumococcal pneumonia intensively studied iluring the w hole course of their 
disease, found few early cases in the group investigated. Nine cases were 
examined radiographically in the first forty-eight hours and sixteen in the first 
seventy-two hours. The first change noted w’as a perihilar density wliich 
rajiidly readied the periphery, often w-itliin twenty-four hours. There was 
usually evidence of some diminution of the lung volume, namely elevation of 
diaphragm to the extent of one or two rib spaces, narrowing of the intercostal 
space.s, and occasionally displacement of the heart and mediastinum towards 
the affected side. In a few cases the peripherj' was first affected and the con- 
solidation spread towards the Iiilum. Phj'aical signs in these cases were 
usually absent until the peripherj' was involved. 

Tlie maximum opacitj* was reached in four to seven daj’s. Tlie diminution 
of volume of the lung noted bj’ these workers paralleled the experimental work 
of Tenell, Robertson, anil CogglesliaU, and is extremely interesting. The 
association of some degree of atelectasis with pneumonic consobdations is a 
matter of fairly common ob'scrvation. It has been stated that this can only 
occur in the resolving stage, since tlie alveoli when filled with exudate cannot 
collapse, whereas absorption of exudate before the bronchial channels are 
reopened would leave the alveolar w'alls more closely approximated, and so 




PISTBUMOMA Am) PIBRO.SifS 


I to'.diminuiiibii in the lung volume. - ' The deal’ evidence of early diminution 
ung volume iii the series'stiidied by Davies, Hodgson, and Tf/w%.; shows 
t an element of atelectasis may certainly be present from the first. This 
^ht follow' plugging, of the bronchi, by plugs of mucus (Goryllos' and . Birii- 
m), though the evidence that this occurs in lobar pneumonias is not alto- 
her convincing. Obstraction of large bronchi by bronchial jilug-s lisually 
iduces. a massive collapse of a lobe or part of a lobe, with .'radiological 
pearances wdiich are ■ , . . 

mistakable. These are 
L’ely seen in lobar pneu- 
Diiias, in .which- the , 
minution.of volume is 
ily moderate as a rule.. 

; w'ould appear that the 
uelectasis is more uni- 
)rm in nature, and this 
oints to a more peii- 
heral block, immedi- 
tely preceding or cbinci- 
lent with the outpoui'ing 
)f exudate into the alve- 
ili. Such a block might be ’ 
produced bj^ exudate in 
the respiratory bron- 
cliioles, the w'alls of 
which are studded with 
alveoli, • or in the finer 
ducts supplying groups ‘ 
of terminal alveoli. 

Rapid absorption of the 
small quantities' of air 
stiU present in the alveoli 
at this stage , would lead 
to a definite uniform atelectasis, radiolqgically indistinguishable from the true' 
consolidation (due to intrahlveolar exudate) Adth wliich it is mmgled. 

In the series just mentioned the.following pomts were noted in thewaribus 
tjqies of pneumonia., 

Type I Pneumonia. — ^Ari interesting .finding in the .series referred to is , the 
enlargement of hilar glands which is vi.sible as.'soon as resolution begins,. and 
not before {Graham, Hodgson ) ; ■ and tins, enlargement indicates' that resolution 
has begun. The glands are globular in butlihe’. Resolution is complete, in 
periods varying from, ten to fifty days, Avith an average of tArentybda^s; and is 
more rapid in. the cases showing. glandular enlargement. ■ The denser eonsoHda- 


Tig. 150. — ^Acuto pneumonia,' left upper loTjc.- 
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tions are usuaUy associated Tidtli severer symptoms and course. Senim treat- 
ment shortens tlio febrile period and induces an early crisis, but docs not 
materially hasten resolution. 

Type II Pneumonia.— Tliis is more severe than Type I, with marked toxae- 
mia, sudden onset, and uell-defined signs of consolidation. The only differ- 
ence in radiological appearances is a tendency in Type TI to a permanent slight 
increase m the density of the pulmonary strini. 

Type III Pneumonia.' — ^This tyjie attacks elderly and debilitated people and 
has 0 high mortality. TJve onset is loss sudden and the course less %\ell defined. 
The opacity is patchy rather than homogencaiis, nnd usually peripheral. Tlie 
cbaphrngm is not elevated, as a nile, nnd the course is prolonged. Resolution 
varies from thirteen to seventy-tuo days. 

Group IV Pneumonia. — Cases in this gmuii are uell defined clinically and 
the radiological appearances also vaiy. Tlie ojKicity is moderately dense, and in 
one reported ca^e (Graham Hodgson, loc. cit.) resembled miliary tuhcrcidosis. 
In two cases an appearance suggesting cavitation uas seen, and disappeared 
during the course of the illness. Terrell, Holjerlson, and Coggkshall found 
sinular cavities in the rcsolring lungs of dogs, nnd sliowed that they were 
due to dilated atria or air sacs. Some writers consider them to be areas of 
bullous emphysema ; others believe that they are tnic cavities (“ aputrid 
necrosis " — Kabin). 

Resolution.— The ojiacity clears up first at the periphery, nnd the clearing 
extends imvards until the hifuin region is reached. Empyema occurring during 
the stage of full consolidation cannot be distinguished rndiologicnlly, but 
may be infctred if the heart is becoming displaced to tlie opposite side. 

Central Pneumonia. — ^Many so-called hilar or central pneumonias can he 
shown by lateral snew's to be due to a jiartial involvement of the low erlobe which 
is in the postero-anterior view superimposed upon the hilar region. The 
writer agrees with Ude, that central pneumonia " is in many cases a misnomer. ’ 

Resolving Pneumonia. — Resolving pneumonia show's a characteristic 
appearance which is easily recognised. Tlie opacity gradually diminishes, hut 
the affected area is seen to be permeated by striations and fine lines of increased 
density tor a time, an appearance which has been ascribed hy various writers, 
(a) to thickening of the lymphatics, which become clogged wuth absorbed 
exudate and Inflainmatoiy cells ; (6) to localised strands of peribronchial 
and perivascular atelectasis. As a rule these appearances clear up completely. 
In an uncompbeated case the chest may' appear normal a week after 
the crisis. tSee Fig. 157, opposite.) 

During resolution the interlobar margins tend to clear up more slowly than 
the remainder of the affected lobe, and the consolidation (ends to linger in the 
region of the interlobar fissure. This is often brought out very clearly in 
lateral and oblique views, and a residual line of interlobar sclerosis is often 
visible for months after the jiatient is clinically well. 
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Delayed Resolution.— It is clear from the figures quoted above from Davies, 
Hodgson, and Whitby's ob.*^er\'atioii8 that the time taken for re.solution is very 
variable. In delayed resolution the homogeneous shadow may continue un- 
clianged for a considerable time, but as a rule it gradually loses its homo- 
geneous appearance and shous a cloudy mottling, due to patchy re-aeration of 
the lung Gradually the shadow becomes less dense and is permeated by a net- 
vork of strands. In some eases delayed resolution may be observed to pass 
gradually into fibrosis : the alTccfcd jmrt shrinks and hronchiectatic cavities 
may develop uitiiin it. 

Diaphragm. — The diaphragm is often raise<I, and is immobile during the 
.acute stage. In lower lobe pneumonias it may continue to be elevated for 
several weeks after resolution. 

SEQUELiE OF PNEUMONIA 

Empyema. — Cases of acute pneumonia ate not as a rule subjected to X-ray 
e.xaminatiou. for obvious reasons. Tho principal use of radiology’ is the 
investigation of delayed resolution and commencing empyema and other post- 
pneumonic complications. The occurrence of empyema is shown by n typical 
shadow of pleural effusion, in children often lamellar in type, or in the form of a 
band extending up the whole length of the parietal wall. In other cases, a 
typical pleural curve is present. 

Very careful scarcli must be made in all planes for indications of localised 
encysted pleural effusion, i>articulnrly common on the lateral wall and in the 
posteiior cul-de-sac, less common in the interlobar fissures. With generalised 
effusion, the heart is nearly always displace<l towards the opposite side. In 
children tho costo-phremc angle may appear somewhat translucent, even in the 
presence of considerable effusion. This was noted in 28 per cent, of 323 cases 
of pleural effusion in cliildren studied by Carly and Liebman. 

No great difficulty’ attacJies to tJie diagnosis of empyema as a rule, but 
where there are patches of residual consolidation it is by no means easy’ to say 
how much of the shadow' is due to fluid and how much to consolidation. In 
cases where the w hole or greater part of one base is opaque, an effusion may be 
present but undiagnosable. Stress must bo laid upon the displacement of the 
heart and bulging of tlie mediastinum towards the other side, which never 
results from pneumonic consolidation, on widening of the rib spaces (fluid), and 
on the position of the diaphragm, which is displaced downwards hy fluid but 
unchanged or displaced upwards by- a pure pneumonic process. Perhaps 
the most important point is that, in empyema, especially in children, rapid 
changes occur from day to day, and a second examination mil usually' clear 
up the diagnosis. 

Thickened Pleura. — Fibrinous exudate, in a thick lay’cr, often covers the 
parietal pleura. After drainage of an empyema, this lay’er is seen as a band of 
shadow in the radiogram on the inner cheat wall, often reaching to the apex, its 
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inner edge Avell defined by the surgical pneumothorax : if may be as mucli as 
an inch in thickness. The con-esponding exudate may be visible upon the 
collapsed lung. It is obvious that if i.s difficult, piior to operation, to say how 
much of the parietal shadow is due to fluid and how much to fibrinou.s exudate. 
In some cases there is no appreciable fluid, the entire shadow being due to , 
fibrin. In this case the heart is not displaced, or displaced to the same side. 
In case of doubt, the effect of change of position upon the shadow must be 
tested. Pleural effusions change their position, usually promptly, but 
sufficient time should be allowed for this to occur. The lateral Ijing jmsition 
is useful and produces a more obvious alteration of contour (Lenh). 

PNEUMONIA IN CHILDHOOD 

Pneumonia in children has been described bj' Sf. Engel and Samson. It 
may be acute lobar, or bronehopneumonic. In general, pneumonias in clxild- 
hood differ from the adult type as follows : 

(1) The shadow is, as a lule. less massive and very frequently partial, 
remaining confined to one part of a lobe. The pneumonic area may be small 
from beginning to end of the disease. (2) There is a marked tendency for col- 
lapse and pneumonia to be combined, especially in younger children. The 
jmunger the child, the gioater the tendency to collapse. (3) The paravertebral 
segments are often involved alone, e.specially in infants. On the right side the 
upper lobe is more frequently affected ; on the left, the lower. Radiologically 
the shadow is often confined te the hilar region, with,wluch it fuses. If the 
right upper lobe is affected, the usual abrupt limitation by the horizontal middle 
fissure is often absent. (4) There is a marked tendency'' to plemal complica- 
tions — either lamellar plemisy, overljdng the lesion, or frank empyema. 

In infancj'^ the commonest type is paravertebral pneumonia. In early 
ehilcfiiood the commonest type is lobular bronchojjneumonia. In later 
childhood and school age the commonest type is frank lobar pneumonia. 

Course of Lobar Pneumonia in Childhood. — ^After a more or less definite 
prodromal stage, there is an abrupt onset, with high temperatme, which lasts 
usually five to seven days, and then rapidly becomes normal after the crisis. 

The pneumonic shadow is first seen, as a rule, about the first to fom-th day. 
Early involvement of the hilar glands is common in children, and the shadow 
often extends outwards from enlarged tracheo-bronchial and paratraeheal 
glands. In the lower lobes a rounde d para vertebral shadow is often seen in 
the first stage, commencing in the apex of the lower lobe, which in the course of 
a few days spreads to the lower lung field. It is evident that the radiological 
differentiation from a j)rimary tuberculous infection is difficult. In both con- 
ditions one may find a homogeneous shadow in the lung with enlarged hilar 
glands. The essential difference lies in the rate of development and resolution. 
In pneumonia, the course is measured in days ; in primary tuberculosis, in 
weeks or months. 



232 


RESPIRATORY SYSTEM 


Origin in the litlar region is tlio rule in lower lobe pne\iraonias ; but in upper 
lobe pneumonias, the exception. In upper lobe pneumonias the extreme aiiex* 
often escapes. The shape of the shadow in total lobar involvement is the same 
as that seen in adults. TJie cases must be studied in lateral as well as in the 
postero-anterior views. Pneumonia may occur in an azygos or in an infra- 
cardiac lobe and lie confined to it. Occasionally in right upper lobe lesions the 
azygos lobe escapes and is shown as a clear apical area witli conve.x .sharply 
limited outer border. 


BRONCHOPNEUMONIA 

Pathology. — The extension of an inflammatory process from a bronchitis 
of the smaller bronchioles to the units of lung parenchjTiia udiicli they 
supply constitutes hronchopneu- 
monia. Tlie disease thus tends to 



be lobular in character. Tlie term 
In practice covers all non-specific 
pneumonias. 

The causative organisms vary 
widely and include streptococci, 
8ta]>liy]ococci, pneumococci, 
Friedl.tnder's bacillus or other 
mouth organisms, baciUus coll, b. 
pcstis, and others. The disease 
occurs most frequently in infancy 
and old age. It complicates tlie 
acute exanthemata, especially 
measles : it results from inhalation 
of irritating gases — chlorine, am- 
monia, bromine, and u ar gases — or 
aspiration of septic material. 
Tuberculous bronchopneumonia is 
not uncommon as a result of bron- 
chogenic spread from an existing 
lesion. Lobar pneumonia may also 
occur as part of a septiemmia, in 
which case the disease is blood- 
borne and the bronchioles are not 


Fio. 15S — Section infant’s luns x 3i Lobar primarily involved, 
tjpe of broneliopneumonia Note the interlobar x],g anatomical lesion COUSists 
septa demarcating con«iolidnto<l loboles fiom ono , c i- i »{„« 

another and from the other lobules • o* patchy areas of consolidation, 

usually bilateral and in tlic lower 
lobes. The unit involved may be an anatomical lobule, but as a rule the 
areas are ill-defined and without definite lobular boundaries and vary much 
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ill size. Pus, mucojms. or fibiin may be present in the affected alveoli and 
the bronchioles are inflamed. In some forms, esjiecially tJie hsemolytic 
streptococcal forms, there is a pronoimced tendency to hamiorrhage. 

Eesolution occm-s as in ordinarj* pneumonia, but there may be organisation 
of the exudate and fibrosis, or abscess or gangrene may occur as a complication. 


Onset is usually 
insidious and the 
course and duration 
very variable. Most 
cases resolve by 
lysis. In an uncom- 
plicated case resolu- 
tion ma3’' occur in a 
fev' days. 

Radiological Ap- 
pearances. — Simple 
lobular pneumonias 
show mottled 
shadows, usually 
basal. Thej^ usually’- 
' appear fii-st in the 
paiavertebral re- 
gions, and later tend 
to be more numer- 
ous and closelj^ 
packed in the region 
bordering the heart. 
Thej’^ are difiiise, 
withiU-defined mar- 
gins, owing to 
surrounding hj'-- 
persemia. They vary 



in size from a quar- Pic. 159 — Acut« bronr'hopnpumonia. 

ter to an inch. Very 


often they^ are confluent and may fuse together till they’^ occupy an entire 
lobe (pseudolobar form). 


Lobular jineumonia may occur in the upjier lobes and closely^ simulate 
tuberculosis. The Arater has seen several such cases in Avhich a diagnosis was 
only rendered possible bj’^ the relatively rapid change in the appearances, Avhich 
cleared up in a fetv weeks. It is a fairly' common type in cliildren. A Avide- 


spread, syunmetrical distribution of relatively well-defined lobidar infiltrations 


(milmry hronchopneumonia) of nearly even size may even simulate a pneumo- 
coniosis, as far as pure X-ray appearances are concerned. 
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£i diffuse pneumonitis resembling that of a streptococcal septicseraic pneumonia 
affecting aU components of. the lung. Sjiread is rapid and the prognosis 
serious. Death may occm’ in a -week. This form is rather uncommon and due 
to a mixed infection ■with streptococci. • 

(4) A hilar tj^e, commencing . at the hilum and rapidlj^ sweeping to the 
periphery,'* usually running a rapid course, and attended with high 'mortality. 
Abortive forms, however, occur in Avhich the opacity after reaching a certain 
stage resolves, and the disease terminates usually by crisis. These favourable 
forms are probably pneu- 
mococcal. Autopsy in the 
more severe types shows 
a zone of pm-ulent and 
haamorrhagic infiltration 
suiTOunding the larger 
bronchi and rapidly ex- 
tending towards the peri- 
phery. Usually strepto- 
coccal, this type has a 
high mortality. 

(5) A basal form, in 

which the opacity appears 
first in the most dependent 
parts of the lung and very 
rapidly progresses up- 
wards by continuity. A 
fatal tjrpe is usually asso- 
ciated with streptococcus 
or streptococcus hajmolj*’- 
ticus. The fii’st infiltra- 
tions in the costo -phrenic 
sinus may .spread to in- 
volve the lower half of , , 

the limg within twenty- Fio. ,161._Septio bronchopneumonJa. . . . 

fom hours and death may . . ■ ; . ' ‘ 

occur' within forty-eight hours- from the, onset,:.- cliincallyexcessi-ve prostration, 
high temperature, and delirium are .'present from the; outset. Fluid , is-.npt 
present in the pleural ca^dty. - r ’ - 

(0) Ti'ue lobar pneumococcal pneumonia is occasionally observed. 

SmiU describes the pneumonias of this epidemic in general as the ‘‘most 
lawless of the chest infections.” ■ Radiolpgically ..spread or., extension can be 
noted from day to day. Abscess formation, frequently of the small multiple 
tjqre, is common. Resolution usually requires from six to eight'weeks. v 
MUshe and Sytta studied 126 cases .dui'irig the influenzal epidemic of 1928-9 
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— including eighty catarrhal and thirty-tliree pneumonic. The Pfeiffer 
bacillus was present in 65 per tent, of these cases. Their radiograms showed a 
great variety of appearances, difficult to classify, including catarrli, broncho- 
pneumonia (niiliaiy, lobular, and i)se«dolobar), bronchiectasis, fibrosis, 
emjiyema. They rightly emphasise tlic resemblance wlilch an incompletely 
resolved influenzal pneumonia may hear to a bronchial carcinoma. 

Apart from epidemics, atypical pneumonias are seen in tlie winter months. 
The following forms liave been described : 

(1) A mild form, with moderate pyroxia, lasting a week or ten days. 
Radiologically bronchopneumonic foci are found in one base, rather larger than 
in ordinary bronchopneumonia. They do not coalesce and clear up raphlly. 
They are probably due to a mild specific influenzal infection. 

(2) A similar mild form in which the loss of translucency is confined to one 
lobe. The opacity is not complete and does not totally obscure the lung 
markings. It clears up in a week to a fortniglit. 

(3) A severe form with acute onset, with jihysical signs of bronchitis, hut 
severe constitutional symptoms. The tyjihoid stale may 8uper%'ene, Radio- 
logicallV, in the early stage, there is diminished translucency and congestion of 
both lungs, without distinct patches of bronchopneumonia. Pyrexia may per- 
sist for months, and during convalescence the opacity disappears, but is re- 
placed by a network of fine lines spread througliout the lungs, inelading the 
apices, ascribed by Asamnitn, on i>ost-mortem evidence, to an interstitial 
lymphangitis : tlie lymphatics being found packed with inflammatory 
exudate or pus cells. Aswomw contrasts this with the " meshwork " appear- 
ance which appears during a resolving lobar pneumonia, whicli is due, in all 
probability, to peribronchial alveolar atelectasis. This, unlike lymphangitis, 
rapidly ilisappears. 

FRIEDLANDER PNEUMONIA 

Infection with the Eriedlander bacillus causes a pneumonia with a marked 
tendency to abscess formation. It may have an acute or insidious onset. 
Diagnosis depends upon the discovery of the b. mucosus capsulatus in the 
sputum or blood. 

In the acute type^ which clinically lesembles acute lobar pneumonia, 
resolution does not occur and a septic course follows. TJie insidious tj-pc runs 
a protract ed course and often results in a chronic infection. It may be mistaken 
for tuberculosis. 

The consolidation is usually bronchoptieumonic in type, and tends to be 
bilateral. Pseudolobar involvement, by confluence, often occurs. After a 
time destruction occurs within the consolidated areas, and abscess cavities are 
found. Most cases are fatal, but some survh'e and either resolve completely or 
heal by fibrosis. 

Radiolooioa^y four stages are described by Kornblum. 

0 
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(1) BronchopneiimoniCj 'H’ith larger patches than is usual in broncho- 
pneumonia -^wth peripheral distribution. (2) Coalescence' and pseudolobar 
consolidation. (3) Kapid lung destruction often invohmig large areas. (4) 
Resolution and fibrosis. 

A Fuso-spirochsetal Infettion may produce a similar clinical and radiological 
picture. It may also resemble bronchopneumonia, lobar pneumonia, epidemic 
influenzal pneumonia, primary lung abscess, or acute caseous tuberculosis, or, 
in the more chronic form, maj’’ closely simulate chronic pulmonaiy tuberculo.sis. 

CHRONIC INTERSTITIAL PNEUMONIA, FIBROSIS OF THE LUNG 

The organisation of lobar or bronchopneumonia is sometimes referred to as 
chronic interstitial pneumonia. In these conditions the process is realh^ one of 
cicatrisation — a repara- 
tive process, in which 
the fibrous tissue is often 
laid down in excess, so 
that a vhole lung, or a 
large part of a lung, may 
become shrunken and 
indurated . A similar 
process occurs in the 
healing of infarct, ab- 
scess, gangrene, or tuber- 
culous disease, and as a 
result of excessive 
* irradiation. 

Wides})read fibrosis 
of the lung is most 
commonly seen as a 
result of an extensive 
influenzal or non-specific 
pneumonia or of tubei- 
eulous disease, involving 
the larger septa, and is 
usuall}’^ unilateral, A 
progressive fibrosis of 
the fine interalveolar and 
peribronchial connective 
tissue, to wliich some 
authorities would confine 
the term “ interstitial 
pneumonia ” (carnification of the lung), occurs in chronic passive hyperremia, 
a.ssociated with mitral .“stenosis and in pneumoconiosis. These are always 



Fig. 162. — ^Fuhnonary fibrosis Tho lieait j& diRplaced 
entirely to the left of the midlmo. F. 1.1 No recenf liistory 
of pneumonia Clmical signs of bionchioctabis 
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bilateral, and there is less tendency for the lung to shrink tlian in the 
reparative forms of fibrosis. Interstitial pneumonia in the acute stage 
follows the infectious pneumonias, and way aUo arise in suppurative 
lesions of the pleura, niediastimiin, neck, or vertobrre. The process 
extends along the pcribumchial and vascular lymphatics and interalveolar 
tissues, i.e. the supporting atroifin of the lung, in tlie form of uhite 
lines of several millimetres in diameter, outuards from the hilmn, or 
inuards from tlie pleiiia (plciirogenous pneumonia). The hrondii maj- be 
obstructed and areas of atelectasis occur : blocking of the finer bronchi by 
fibrous tissue leads to bronchiolitis obliterans. 

In the radiogram tliese lines may be visible, but are usually masked by the 
concomitant bronchopneumonia or atelectasis. During the chronic .stage the 
radiological appearances of filirosis of the lungs vary' with the extent and t) 7 )e. 
Two signs are to be looked for: tlio shadows of fibrous streaks in the lung, 
most often seen in cicatrising tuberculasis, and evidence of traction. It is upon 
the latter sign that the diagnosis usually dejicndfe. Traction may produce the 
following signs : 

(1) A falling in of the lung ape.\, often with crenation of tlie lung margin 
and thickening of the overlying pleura. (2) Displacement of the niediastimim 
and heart. (3) Displacement and angulation of the trachea. (4) Splaying 
out and distortion of the arborisations of the hmg vessels. (3) Displacement 
of the diaphragm upwards with alteration of its contour, tentuig, and adhesion. 
(B) Diminution of size of the affected licmithorax, closer spacing, and Increased 
obliquity of the ribs. 

Increased density of the affected lung or lobe is usually present, with 
comjjcnsatory emphysema elsewhere. Complete unilateral obscurity of one 
lung field may result from e.\tcnsi\*o fibrosis of n lung. The distinction 
cannot always be made from total atelectasis resulting from bronchial 
carcinoma. As a rule, in fibrosis, the opacity is less absolute and the 
displacement of the lieait more marked. It is eometimes pulled into contact 
with the lateral chest wall. Nodular forms of lung fibrosis are described 
under pneumoconiosis. 

Fibrosis following Irradiation 

Irradiation fibrosis has been described by Groover, Christie and Merritt, by 
'Evans and Leuc«£ia, Vesjardens, Fimi, and Doiens. Post-irradiation fibrosis is 
not necessarily permanent, as Holjelder lias demonstrated in the case of a jiatient 
cured of a sarcomatous metastasis in tlie lung by deep therapy. A laige area of 
indurated lung gradually clearetl up over a period of a few years. Seven and a 
halfyears after tieatnient the lungsworeradiologically normal. Downs considers 
that there are tpo distinct types of lesion found after irradiation for carcinoma 
of the breast : (1) Transient lung changes. These are not due to fibrosis, but 
to plexiro-pnlmonitis. A hazy, sometimes patchy, density extends out from 




FiCi. 163. — ^Fibrosis of lung, with di-splncemunt and harrowing of ajsphagus. Dysphagia. 

cases of cancer of tli’e breast, of which fifty-three had .been irradiated, Dow7is- '■ 
concluded that permanent fibrosis due to irradiation is very rare. one 

case was found in which he attributed it to the treatment. ' TJiis case liad been- ' ' 
treated by radium only. Fibrosis rarely occurs unless the lung is previously, 
damaged by metastasis, chronic disease, or infection. ■ • - . ' , ' ! ' . 
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Lung Fibrosis due to Mineral Oils 

Intratracheal injections of mineral oils, or long-continiied use of nasal 
medication wth such oils, may lead to changes in the lung due directly to the oil 
M-hicli lias reached the bronchi. Tliese arc shown radiologically as follows : 

(а) In the earlj' stages a miljarj' mottling of tlie afiected area, with accentua- 
tion of the finer lung markings, resembling a fibrous bronchiolitis obliterans; 
oil droplets arc found in the sputum. 

(б) Later, progressive solidification and contraction of the affected lobe ; at 
autopsy, a fibrosis of the alveolar walls was found in a case reported by K. S. 
Davis. The changes are usually more marked in the right lung. Such changes 
do not occur after lipiodol injection, and vegetable oils appear to be innocuous 
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LUXG ABSCESS 

L'a::!v'G abscess is a suppurative focus couimenciug in the lung parenchyma, 
and maj^ arise from a varietj^ of causes : 

(1) PosT-PNErnMONic. — This form probably results from a mixed infection 
of pneumococci and streptococci. It ma}’^ occur in lobar pneumonia or broncho- 
pneumonia. In the latter case the abscesses are often small and multiple. 
The onset and coinse are usually acute in the post-pneumonic form, but the 
abscess may become chronic. 

(2) PoBEiGif Bodies. — An aspirated foreign body is very liable to lead 
eventually to suppmation in the atelectatic area supplied by the blocked 
bronchus ; .peas, beads, fragments of tooth, tonsil or adenoid vegetation are 
common causes. The broncliial obstruction is due in part to inflammation of 
the broncliial mucosa and to retained secretion. 

(3) Py.a:]Nno Abscess. — Infected emboli may reach the lungs in puerperal 
sepsis, osteomyelitis, intracranial sinus tlurombosis, and many other septic 
conditions, through the systemic veins. They are usuall3'- small and multiple. 

(4) PosT-OBEEATis’^E. — It is disputed whether cases of abscess in the limg 
following operation are due to inhalation of septic matter during anaesthesia or 
whether thej’’ are embohc. The inhalation of blood, saliva, vomit, or mucus 
has been held responsible ; in the United States many cases have followed 
tonslllectomj''. Lord found that out of 227 cases seventy-eight followed 
operations on the upper respiratorj'^ passages, and twenty-one followed 
extraction of teeth. Local anaesthesia lessens the risk, and has been vldely 
adopted for tonsillectomy in the United States for this reason {Ogihie). Some 
beheve that an embolic origin is more probable, since abscess may follow ab- 
dominal operation for septic conditions. The inhalation theory is supported 
by the fact that the anaerobic organisms and spirochsetes found in septic foci in 
the gums and teeth are often present in the lung abscess. Post-operative 
massive collap.se is verj’’ liable to terminate in abscess formation unless relieved 
by postural or bronchoscopic drainage. 

(5) Beoxchiectatic. — Pulmonary supj)uration may occur as a complica- 
tion of broncliiectasis in the form of multiple ragged foci of parenchymal suj)- 
puration in the diseased area. 

(6) Neobeastic. — Carcinoma of the lung is very^ prone to supimrate. It 
is said that supimration, vith necrosis of the tumom*, occirrs in at least 25 
per cent, of cancers of the lung. 

(7) Othee Causes. — Abscess maj’^ also re.sult from penetrating wounds “of- 

x-e. 1—16 241 
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the thorax, from extension of bubphrenic abscess, or of cesopliageal carcinoma, 
or from the infection of a hydatid cyst. 

Distribution of Abscess. — ^There seems to be a definite predilection for 
the rigJit lung. Locl'uvod, in a review' of tiic literature, found that abscws 
occurred three times as often on the right side as on the left, and twice as often 
in the lower lobe as in the upper. In 75 per cent, of cases the abscess is situated 
in the periphery' of tho lung and involves the pleura. 

Localisation. — The abscess is, as a rule, localised to one of the bronchopul- 
monary segments (Figs. 104-100). Though this docs not entirely prove the 
theory of bronchogenic origin, it is in favour of it. Glasi has emphasised tins 
localisation in lironchopulmonary-segments. The corresponding bronchi are 
readily visualised by bronchoscopy, when pus nfay be seen exuding from them 
(PtncAin and Morlocl.). Abscesses occupy'iiig the inner lung field in the postero- 
anterior view arc almost invariably in posterior segments (i.e in the ebstribu- 
tion of the dorsal branches of upper, or more frequently lower, lobes, and are 
tlierefore paravertebral. A possible e.xocption is an abscess in the segment 
supplied by the rctrocardiac bronchus which lies close to the heart, at mid-depth 
in the lower field. To this c.xception miwt be added the occurrence of abscess 
in the middle lobe, which may bo seen in the inner lung field, and the rare 
possibility of an abscess in the lingual tip of the left lung, w Inch tho ^^■ite^ has 
never actually met svith. 

The apex of the lower Iol>e is quite often tlie site of an abscess, and if the 
segment supplied by the outer branch of its bronchus is im’olved, the sliadow 
in the postero-anterior ww’ will lie towards the outer lung field. Usually it is 
in the mid-field— “ parahilar ” In the |)ostcro-anterior view. 

Abscesses in the segments supplied by tho axillary branches of the upper 
lobe and lower lobe bronchi Ue towards the lateral chest wall. The remainder 
occupy the mid-field . these may be anterior or posterior, and it is therefore im- 
perative that careful lateral and oblique views be taken in every case, in order 
to obtain precise localisation. If surgical operation is contemplated, it is also 
wise to supplement the usual erect vie^vs by views taken with the patient 
Ijing, especially in the case of basal lesions ; owing to the change in position of 
the diaphragm, the lesion conies to lie higher in the clicst with the patient 
recumbent, and this film will be a Ijctter guide to the surgeon than one taken 
with the patient erect. 

rfie Radiorogfcaf Appearances are at firet those ofpneumoma or pneuinom'*^ 
of a more or less limited area of lung, with later an air-containing cavity and 
fluid-level within the sliadow : to a great extent they will dejiend upon the 
type and stage of the absc^. Phtekin and Ilorhck suggest the folloiring 
clmical divisions ; 

(1) Pneumonitis, preceding abscess formation. 

(2) Pyogenic type ; (a) Simple, with or without localising reaction, (a) 
Gangrenous liquefactive tj'pe. 
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(3) Pntrid''of spiroclijetal tj^pe : (a) Secondary to simple. (6) With local 
reaction, (c) Eulminating gangrenous. 

(4) Mnltiple. Either (o) Simple pj'ogenie, or (Z>) Gangrenous. 

Pbe-abscess Stage or PNEUjioKms.— This shows a diffuse homogeneous 

shadow, uith ill-defined edges. Its size and shape uill depend on several 



Fig. 164. — Spacim^n : Lung abscess. The ape-t of the left lower lobe, ^nipplied by the first 
dorsal bronchus, is consolidated and necrotic. This is a fairly common, site. An abscess in 
fhis region may simulate a “ hilar ’’ cavity in the postero-anterior radiogram. 

factors. If it is metapneumonic, it Avill show as a patch of persistent opacity 
in a lung fi.eld shotving evidence of resolution elsewhere. If there is a bloched 
bronchus, signs of atelectasis (interlobar shift, concavity of margins) must be 
expected. If the abscess has arisen de novo, the patch of pneumonitis tends? to 
be rounded in form, an expression of a rapid centrifiigal spread of infection irom 
an initially small focus, llanj’^ of these rounded shadows are fotmd. however, 
on examination in several jflanes, to be '' end-on ” views of a pjTamidal or 
cone-shaxied lesion corresponding to a bronchopulmonary segmeni . the base of 
wliich may reach the pleural .surface. 

Pyogenic Abscess. — ^There is really nothing to distinguish the pneumonitis 
of the early stage of abscess from any other pneumonitis, but repeated views at 
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short interrals are necessary to detect the first specific sign of ^ihscass formation 
— an air bubble. Liquefaction of the area of pneumonitis usually progresses 
rapidl}'^, and the occurrence of discharge into a bronchus soon enables a 
diagnosis to be established. The central ea^nty may be single/ or consist of 
several chambers or loculi, usually communicating vdth a central space. 

Tomography is valuable in bringing to light these commencing cavities, 



Pig. 166 — ^Absce■^s of lung, jn axillarj' segment of light uppei lobe. 

or centres surrounded by large areas of consolidation. It may also show the 
diainage bronchus clearly. 

After this has occurred, simple abscess may follow one of several courses ; 

(а) The cavity maj quickly close, and the area of pneumonitis disappears. 

(б) The small central cavity may increase in size till it reaches the limits 
of the original area of pneumonitis, showing a fluid-level which extends the 
whole vidth of the original shadow (liquefactive, or simple gangrenous type). 

(c) The cavity may remam surrounded by a ring-shaped protective barrier 
of condensed tissue, giving a thick'-walled ring shadow in the radiogram. 



MiK«gram ot Hama ease in a plant 
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The rusosrinoou/ETAL or Putrid Tyi'e, if primary, breaks down rapidly, 
and the patient’s condition is usually barl. If the spirocliajtal infection super- 
venes on a pyogenic abscess, the primary localising reaction tends to limit the 
rate of spread and to mitigate the severity of the symptoms. 

Multiple Abscesses may result (a) from broncliopneumonia (Friedlander 
bacillus) ; (6) from inhalation of many septic particles ; (c) from bronchogenic 
spread from an existing abscess ; (d) from pyaemia ; and (e) from bronchiectasis 
with secondary infection. The Friedlander abscess has a tendency to rapid 
extension, and may quickly destroy large areas of lung. 

The radiological picture of an air-containing cavity wth a fluid-level uliicli 
shifts with change of posture within an area of pneumonitis is usually, in the 
light of the history and signs, distinctive, but if the involved area is small it 
may be missed. If the evacuation of the liquefying core of the abscess is only 
just commencmg, the cavity and fluid-level may Ire hidden by the surrounding 
opacify. Oblique illuniination of the film may assist'in the contrast suffi- 
ciently to show it. A fluid-level in an abscess situated posteriorly in the para- 
vertebral region may be confused with the outline of the vertebral body : by 
inclining the patient fonrards tins source of error may bo eliminated. A fluid- 
level in the posterior recess may Ire hidden by tlie diaphragm. An antero- 
posterior or postero-anterior view with the trunk inclined foiavard rvill then 
bring it into view. Owing to the rapid course, cases of suspected abscesses 
require to be examined almost from day to day. 

Lipiodol IK Luko Abscess. — Ljpiodol uill often fail to enter a lung abscess 
owing to blocking of the bronchus or the filling of the cavity by pus. During 
the stage of pneumonitis a typical appearance is shown after lipiodol injection, 
the area of pneumonitis being distinguisheil as an opacify in whicli no filling of 
the smaller bronchi or of the alveoli occurs. The bronchi leading to this 
region have few fine branches, and resemble the bare limbs of a dead tree. 

During tile stage of pneumonitis the alrsccas cavity and the alveoli in the 
pneumonic area do not outline with lipiodol. After nipture of the abscess 
into a bronchus the pneumonitis subsides and the alveoli in the pneumonic 
area can be filled with lipiodol. Tlie cavity of the ahsces.s, at first irregular, 
multiloculated and difficult to outline, becomes better defined in the 
course of time. A cylindrical dilatation of the drainage bronchus may often 
be observed : bronchiectasis in the form of cylindrical or ainpullafy dilatations 
oF Jrewrofri iVr the segment aC i\rng may ocutfr as a lesatt oF 

Ba.sal broncliiectasis is a common accoiupaniment of upper lobe abscess 
{^antias). 

Differential Diagnosis. — In the differential diagnosis of abscess of the lung 
the following conditions should be considered : 

(1) Tuberculous cavities; (2) Cavernous neoplasm, or, during the pm* 
liquefactive stage, solid tumour ; (3) Interlobar eflusion with rupture into a 
bronchus (interlobar pyopneumothorax) ; (4) Congenital cyst of the lung : 




loa.— Lung abscess right upper axillary BCgmon . I altco'tod sogmont. 
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>ullous emphysema, and acute vesicular emphysema ; (6) Broncliiectasis ; 
.ctinomycosis and other mycotic infections ; (8) Pyopneumothotax. 
'uherculous Ca^dties. — An abscess in the upjier lobe may exactly re- 
de an earty tuberculous cavity. In botli instances tlie radiological appear- 
s would show a thin-Avalled ring with fluid-level. It is well known that a 
lavicular tuberculous focus may rapidly break down and disappear ndthout 
e. The same thing may occur vdth abscess, and in both conditions the 
teal symptoms may be slight : in abscess the onset tends to be more abruj^t, 
course more acute, the evolution more rapid. The only real distinguishing 
axre is the sputum. 

Cavernous neoplasm may show a ring shadow exactly resembhng an 
cess cavity. A point in the differentiation is the thicker wall of the neo- 
sm, vdth centrally ixlaced cavity. In abscess the air bubble quickl}^ tends 
rise to the top of the consolidated area. The wall of a cavernous neoplasm 
ly show nodules of growth projecting into the cavity, the_ outline of which is 
this case irregular. This feature is by no means constant. Cavernous 
oplasms occur of all intermediate types betAveen a soHd mass Avith minute 
Adty, and a thin-walled ring shadow AAdtli a fluid-level extending right across 
. AU depends upon the completeness AAdth Avhich the neoplasm liquefies, 
cavernous neoplasm is, in effect, an abscess. Bronchoscopy may help, but if 
le origin of the neoplasm was in a small bronchus or in a lung parenchyma, it 
lay fail to make the diagnosis. The history, the character of the sputum, 
nlargement of inlar of tracheobroncliial glands, or enlarged cervical glands, 
he presence of secondaiy lung nodules or of a primary carcinoma elseAvhere in 
he body, and rib inAmlvement, AAdli afford collateral evidence. - 

Congenital cystic disease of the lung usually shows multiple translucent 
ireas separated by thin septa, and fluid-levels are often absent or small in 
amount. A solitary congenital cyst may, however, resemble abscess, and the 
history and clinical condition must decide the issue. The long course and absence 
of acute sjnnptoms or of foul sinitum are the main distinguishing features. 

An emphysematous bulla might on rare occasions be mistaken for abscess, 
but the clinical picture Avould be decisive. 

A hydatid cyst or an interlobar empyema Avhich has opened into a bronchus 
may produce momentarily an X-raj^ picture simulating abscess. 

Bronchiectasis is distinguished bj’- midtiplicity of the cavities. A single, 
bronchiectatic caAuty may occur in the hilar region AAith little surroimding 
reaction. A tuberculous cavity may occupy the same site. 

Actinomycosis or other mycoses may present the raclrologieal appearances 
of a chronic abscess. Bepeated sputum investigations and medication Arith 
iodides may clear ujj the diagnosis. ♦ 

The tendency for pulmonary suppuration, as weU as pulmonary heoplasm, 
to metastasise to the brain should be remembered. Examinatic ' ^ 
will sometimes throw fight upon cases showing obscure cerebral 
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PiTEUMOCOsiosis DENOTES flbrosis in the lung, resulting from the inhalation 
of dust. The serious forms of disease are almost invariably clue to the 
presence of some form of silica. Tlie most dangerous pneumoconioses are 
silicosis, produced by dust containing silicon dioxide, and asbestosis, in which 
the active constituent is magnesium silicate. Tho inhalation of coal-dust, 
anthracosis, is a benign condition. 

SILICOSIS 

It was formerly held that free siUca (SiO^) was tlie only active agent in 
producing fibrosis of the lungs, which is the essentiol pathological condition. 
Heffernan and Oreen believe that the disease results from the local action of 
colloidally transformed silica on tho lung tissue. II’. Ji. Jonej believes that 
undermining conditions the agent issericite, the hydrated silicate of aluminium, 
and not the silica'Containing quartz. 

Pathological Stages 

(1) Entry of dust into tho alveoli. Most of the particles found in the lung 
ate from -6 to 5 microns in size. Particles over 10 microns in size are innocu- 
ous, since they cannot be phagocyled. 

(2) Dust, having entered the alveoli, sets up a catarrhal reaction and cell 
proliferation. The proliferated cells become phagocytic to the dust. 

(3) These " dust cells ” enter the lymphatics and aro carried to lymphoid 
deposits of the lobule, where some remain, others passing farther along the 
lymphatics of the lung. MilJer has demonstrated the arrangement and group- 
ing of tho lymphoid deposits of the lobule of the lung, and the points at wliich 
the first deposits of dust cells occur. These are indicated in Fig. 171* 
addition to these lobular deposits, others occur fartlier along the lymphatics 
near the point of bifurcation of the bronclii and %'essel.s. 

(4) Local stasis and cell proliferation at this point lead to the formation of 
pseudo-tubercles {JUairogordaio). 

(5) Around these tubercles silicotic fibrosis develops which determines the 
radiological findings, this fibrosis being due to the activities of fibroblasts. 
TJic changes begin when the particles of silica or silicate contained by the 
phagocytes, interacting with body fluids, are converted into hydrated colloidal 
silica which, acts upon the protoplasm of the dust cells and then on the sur- 
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rounding cells. A fibrous wall is formed around these and around the central 
mass composed of silica sol (SiOH^) and dissolved protoplasm. The colloidal 
silica eventually becomes dehydrated and inert, but so long as unconverted pure 
silica or sihcates remain, silicosis is progressive. The rate of progression de- 
pends upon the speed of formation of fresh colloidal sihca, which is accelerated 



Fig. 171. — Diagram : Primary lobule of limg. The coui-se of the Ij’mphatics is indicated 
by a broken line. Lymphoid deposits dotted. (After l^^ S. Miller.) The respiratory bronchiole 
divides into two alveolar ducts bearing atria, each of which has a number of ah'eolar sacs, on the 
periphery of which are the alveoli. A branch of the pulmonarj’- artery goes to each atrium and 
is distributed to the alveolar sacs. The pulmonary vein is situated between the primarj' lobules. 


by the presence of aUralis. For this reason scrubbing powders wliich contain 
alkali are dangerous and lead to rapid development of sfiicosis. The pseudo - 
tubercles are microscopic, but when fibrosis has reached a certain stage around 
them, the silicotic nodules become visible in X-ray. This may be preceded by 
what has been called the fii’st visible stage of silicosis, namely, a diffuse A^eiling 

of the lung field vlth 'some increase in density of the pulmonary stroma shadows 

. // ' 
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and in tbe richness of their arborisation. Tliis depends upon the rapidity of 
the accumulation of dust cells and tlie degree of lymph stasis and clogging of 
the IjTnphatics. Some of the cells may pass through the lymphatics and set up 
fibrotic changes in the interstitial lung tissuei 

There are three points at which the dust carried by the phagocytic dust cells 
may accumulate in the lung : 

(1) III die peri6roncfttaI and pwtvaecttfar bjmjili vessth. When these ate 
blocked, there is an increase in the density and richness of arborisation of the 
lung markings. This i)eribronchial type occurs, according to PaucoaH and 
Pendergrass, among the coal-mine workers who break stones ; tliey develop it 
very slowly. 

(2) In the lymphoid dejMsits iy the lobules, at the bronchial bi/urcalions, avd 
the hilar lymphatic glands. Accumulation of dust cells at these sites produces 
the nodular form of silicosis. This is much the most common form in stone- 
masons, potterj’ norkers in pure flint processes, miners working in hard rock, 
sand-blasters, and metal grinders using sandstone wheels. 

(3) In the tnlerstilial tissue of the lung, that is, in thcintcrlobular andalvcolar 
septa. This type results from a rapid and complete obstroction of the lympha- 
tic pathways, with egre.s8ion of the dust particles from them. Tin's type, with- 
out nodular changes, is said to occur in granite cutters ; workers in scnibbing- 
powder factories also develop this diffuse form. 

It must bo emphasised that the rate of intake of active dusts has 
a profound effect upon the radiological appearances in the early stage. It 
seems certain that in some trnde.s there are definite early prcnodular radio- 
logical findings, and in other trades in which intake is slower and elimination 
to some extent keeps pace with it , the early phenomena may be entirely absent 
and the radiological manifestations begin with definite nodulation in the lung 
periphery. The end stage Is one of diffuso dense fibrosis which dominates 
the picture. If nodulation has been prominent, the nodules then become 
confluent and form large irregular masses througliout the lungs. Tliere may, 
fii addition, be an extensive diffuse fibrosis or caniification in the lung, as a 
late result of blocking of the lymphatics. Pleural thickening and adhesions 
are almost invariably present at this stage. 

The trades in w luch the risk of pneumoconiosis arises are very, numerous, 
and a full revnew with extensive literature was given by Paricoast and Pender- 
grass. Jliners, hard-rock drillers, pottery workers, sand-blasters, metal 
grinders using sandstone wheels, stone-masons, workers in silica brick inanii- 
facture, persons engaged in the manufacture of scnibbiiig pow ders and in many 
other trades are liable to contract the lUscasc. Sand-blasting is one of the 
most serious risks Meiilejohn found that of the sixty fatal cases of silicosis 
occurring in the years 1929-33, with exposure of under fifteen years, thirty 
w ere sand -blasters. The incidence in the potterj* industry and in sandstone 
workers is described by Sutherland and Bryson. ' Moller found positive radio- 




Pjq 172. — Silicosis (stone-mason). 
Jilultiple dis.seminote ncdiilar-fibi-osis. 
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logical evidence in 45 per cent, of 798 potten,’’ Morkers, including incipient 
cases. Exposure to tlie dust of powdered flint, in bedding china-ware in flint 
preparatory to firing, is one of thfe chief fiowrees of silicosis in pottery workers. 
It is possible that this material will in the future be reiilaccd by alumina ; a 



Fio 173 — PneumoconiosiB {stone mnson), 

preliminary survey of operatives exposed for many years to alumina dust has 
shown no cUnical or racUolopcal evidence of occupational fibrosis of the lungs 
in these workers. The rate of development of the disease in the different 
industries is very variable, and depends upon the degree of exposure and the 
amoimt of silica inhaled. In the ^uth Wales mines, for example, rock drillers 
working almost constantly on rocks with a high percentage of silica Jiave 
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a high incidence.- In ,1936,-, 268. certificates., of, disablement , were issued 
in this area. Dhe hundred and eighty-two of these, "were in anthracite 


mmers. ■ ; ■ ‘ , . 

Brorhley has emphasised from Ins study of silicosis in pottery workers that 
each occupational risk, even in the same industry, must be con.sidered indivi-' 
dually, since exposm’e must,vary .widel.y .with the nature and condition of ' 
the work. In. this risk he has . dfawm- attention to a “ mixed dust ” pic- 
tiu'e occurring -principally ■ ■ ; ' . , • , -• 

among wmkers in earthen- ' ' ' ' 

ware body,'r.w’hich- he re- ^ 
gards as^ characteristic. •' ■ 

Lyle Gv-imnim ■ 'dis^ 
tinguishes betw’-eeri chem- - , 
icalty .active . ■ (silica • 
asbestos) and chemiccall}^ . 
inert dusts.' ,(e.g; . coal-, 
dust). The - fornier. are 
soluble in-' body fluids and 
cause lesions ’ : . of ■ tw-^p. 
tj’pes ; toxic,- leading to .- 
local cell -death, ' and _ . 
sclerotic, leading to nod-- , 
ular or • diffuse fibrosis ' 

(silicosis, asbestosis). .The - 
chemically inert . dusts . 
are insoluble :in body.i ’ 
fluids, but may, if accum- 
ulated to any marked ex-.- ' 
tent, exert a mechanicar-, ' .i' ■ r 

tin • 1 . j • 'Fig. ITr.^Pneitmoconiosis, acute. Patient, ;a man. of . , 

loreign body . action , 47 , had ■vrorkccl.m a. “ drj', soap,;’" factory for .4^ years. INd , 
and Ca'USe fibrosis aromid , . previous’; exposure to : silica.' -Death four ' months . later: . ■' 
the dust deposits These Autopsy-findings: A otuU - tuberculous cavity in right apex. . 

inert dusts- in pure -form’ ; ^ 

produce little fibrosis.; the,',, . 
lungs are AveU aerated,, hut stained with pigment hi’ coai-trinuhers. .X-ray . 
examination shows no changes, as a rule, or at the most partial small mottling. 

But if there is a lymph stasis,' due to a pre'wous or simultaneous inhalation ; 
of active dust, or to some other lesion,, such as. tuberculosis, '(7-iiwmins 
believes that the ineit , dusts maj’: accumulate to a dangerous -extent 
and produce areas of diffuse fibrotis (silico-antliracosis, silico-siderosis). . 
This may occm-, for example, in coal-miners who ryork from.time. to .time in ' 

hard rocks, or are exposed to stone dnstiproduced'hy ’ pneumatic drills dr bvb ■ , 

blasting. ■ ! • ' , •; 

x.-r;- t— rl7 ' . 
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Classification of Silicosis 

Tliree stages are recognised in this countty for the purposes of Workmen’s 
Compensation (Silicosis) Act of 1928. The compensation under this Act is 
payable for disability caused, not on the fact that silicosis is present. The 

stages are : 

First Staoe, 
cliaracterised by (a) 
the appearance of the 
earliest detectable 
physical signs of the 
disea'se mth {!>) radio- 
logical evidence not 
less than nodular 
shadou's together uith 
an increase of the 
hiUim blmdous and 
pulmonnrj' reticulum, 
and (c) with or \ritlioti6 
impnimientofcapacity 
for work. 

Sccoxi) Stage, 
characterised liy (a) 
further development 
of the physical signs 
found in the first 
stage ; (6) an increase 
111 the area of nodular 
shadows, with a ten- 
dency to confluence 
of tlie individual 
nodes, and the pres- 
ence of symptoms u-itli some degree of impairment of capacity. 

Third Staoe, signs, symptoms, and disability in excess of Stage 11. In 
this stage there are often found massn-e confluent shadou s, and gross pleural 
changes. 

Radiological Classification 

The above classification is adequate for uorking jnirposes. Very many 
classifications of pure radiological appearances have been suggested, based on 
a grading of large numbers of films reviewed. They are all, in the -writer’s 
opinion, useful only vlien a study of a large number of films is being made in 
some particular industrj' or investigation. Such a classification as the follow- 
ing is meaningless apart from its context : 
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; 

(1) Rather more fibrosis than usual ; (2) IMore fibi'osis than usual ; (3) 
More fibrosis full ; (4) More fibrosis to commencing fibrosis ; (5) Commencing 
fibrosis plus ; (6) Commeneing to early ; (7) Early commencing ; (S) Early 
to medium; (9) Medium fibrosis; (10) Medium to advanced fibrosis; (11) 
Advanced fibrosis {Brink, cit. Pancoasl and Pendergrass). 

A classification suggested by Pancocist and Pendergrass, based on a com- 
bination of radiological and 'iJatholdgical features.' Is helpful, but^.c5.nnot be 
strictly applied in every case in actual practice. ■ ' ■ . 

(1) Peribronchial perivascular Ijnnph node predominance : {U) rapid ; 

(6) slov. ' ' ' ' “ 

(2) Early interstitial predominance (interferes with diaphragmatic move- 
ment) : {a) Anth nodular appearance ; (/;) Avithout nodiilar appearance, rapid 
or sloAA'. 

(3) Late or advanced intemtitial predominance.. 

(4) Nodular predominance : (a) non -progressive ; (b) progressive. 

(5) AdA^'anced difluse-or teiminal fibrosis: (a) conglomerate . nodular 
t\pe : (b) interstitial type ; (c) massive fibrosis type. 

It is eAddent that in all stages preceding the formation of definite nodules 
the appearances met with are.difilcult both to describe and to classif 3 ^ Since 
the AA'orkiJig classification pi'oviou.sl3’^ referi-ed to begins AAitli the appeaiance 
of nodules, as the first specific evidence of silicosis, the folloAA’ing account, of 
X-ray appearances of the disease maj”^ convenient!}’" commence at that point 
also. The prenodidar manifestations, A’-ariouslj'^ described b,y different ob- 
servers, AA’ill be dealt AAdth later. 

It seems certain that the latter differ from trade to trade, and probabty from 
one indiAudual to another. It is certain that in many cases no clearl}* describ- 
able prenodular stage occurs at all ; in otliers the radiological changes are 
unspecific, in that they are oA^erlaxAped b}’^ " normal " ajApearances, i.e. they can 
be matched by films taken from samples of the adult population. 

In any case, the stages are onlj’- to be considered as milestones along the 
march of the disease ; or perhaps not so much “ milestones ” — AAdfich impty 
equal distances and equal rates of progress — as arbitrary stations at wliich it is 
conA’-enient to collect and group indiAudual sUicotic patients. This does not 
mean that the rate of progress from one stage to another is uniform, or that 
aU silicotic patients cover the same grormd during the course of the disease. 
Some patients, indeed, die of their disease while presenting only mild radio- 
logical signs ; other's AAith extensiA'^e involvement are capable of full aa-oiIc, Avhile 
others again progress rapidly from early to terminal stages Avithout passing 
through a typical second stage. Peichmann prefers to sjAeak of a ‘‘ mild stage 
and a “ severe ” stage, in an endeaAmm' to avoid the difficulties caused by the 
arbitrary selection of three stages. ComiAensation in this countrv'' is usaaliy 
based, not upon the fact that the patient has silicosis, or presents a ■ ' 

tjpe of X-ray pictm’e, but on the degree of disabihty resulting from the 
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Radiological Features 

In the First Stage, as already defined above, the nodules are radiographi- 
cally den'ie and circumscribed, omng to the surrounding emphysema. Occa- 
sionally they calcify, and then become more opaque, though they rarely show 
\nsible calcium granules in an X-ray film. The nodules are first seen along the 
axillary border of the upper Jobes ; later they tend to be massed in the lateral 
and postenor parts of the upper Jobes, and in the apex of the Jmver lobes. In 
the more acute cases, ulierc tlie intake of dust is rapid, the lymphatics become 
quickly clogged and the consequent peribronchial and perilymphatic fibrosis 
leads to an element of dilTuse shadowing, uluch cannot be analysed into com- 
ponent parts. This has been foumi cluefly in sand-rock drillers, but is also 
described by FlemmwQ Holler in pottcrj’ workers in tlie early stages of the 
chsease. 

The nodules when first visible vary iii size from a pinhead to a pea . they 
gradually become denser and larger, and in long-continued cases may calcify. 
They rarely show visible gianules of calcium, but become c-xtremely dense and 
sharply defined when calcified. 

The site of first development of tho norlules is %’ariou8Jy desenbed. Tliey 
are said to appear (1) “ round the root of tho lung on the riglit stdo " {Pancoast 
and Pendergrass ) ; (2) “ in the upper lung fields between the clavicles and lung- 
roots *’ {Entin, Klehnct, Kasih, cit. ^•sswurnn) ; (3) ‘‘in tlie lateral mid- 
fields ■’ {Kianse and Loben) , (4) “in the lateral middle regions ’’ ; (5) “in 
the lower lobe “ {Staub Otiker). 

The writer’s experience, baserl upon tho e.xamination of a large number of 
sihcotics during the past nine ycar.9, pnncipally stone-cutters (bankerhands), 
leads to the following conclusions : 

There are two areas in which tlie nodules tend to appear early and to he 
massed most thickly later on m the course of the disease. 

(1) Tho postero-lateral region of the upper lobe. 

(2) The apex of the lower lobe. 

Li the stone-masons, when only few nodules were present, these were 
invariably on the outer wall in the infraclavicular region of the upper lobe, and 
few if any were visible at that stage at the apices, at the bases or near the 
roots. A second focus of condensation waa often found at hilum level, in the 
apex of low'er lobe. I\nien there were many nodules, they were found through*, 
out the upper lobe, but more heavily massed at the outer and posterior parts 
except the extreme apices : they were very heavily massed in the apical regions of 
the lower lobe, as shown by a lateral view. Tho roots were comparatively free. 
This lower lobe apical grouping has been found also by Paricoasl and 
Pendergrass and confirmed by autopsy findings. It is interesting to note this 
frequent involvement of the r^ions supplied by the posterior apical and 
axlDarj’ bronchi of the upper lobe and of the first dorsal bronchus of the 
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lower lobe in pneumoconiosis, as in some inflammatory diseases (tuber- 
culosis, abscess). 

In many publisbed cases, particularly in pottery workers {Bromley, Flem- 
ming, MoUer), the antero-posterior radiogram suggests that there is a 
predilection for the apices of the lower lobe. This gives rise to the romided 
dense patches seen on either side of the hilum. Brmnley states that this 
type of pictm’e is common in the potteries in workers exposed to intensive 
silica risks. 

The stage of nodulation is nearly always accompanied by emphysema. 
This possibly accounts for the infrequency vdth which one sees evidence of 
thickened roots and signs of difiFuse fibrosis in this stage. 

Tide Second Stage, as already defined, shows the nodules becoming 
larger, tending to coalesce into iixegular opacities winch gi-adualty increase. 
Fibrosis becomes more extensive and contractions occm', most marked in the 
upper and posterior parts of the lung, whicli puU the trachea and mediastinum 
backwards, and may thus cause an apparent diminution in size of the liilar 
gland and even mask, by causing rotation of the heart, an enlargement of that 
organ. The lateral view is valuable in demonstrating tliese points. 

Clinically there is often a suipri.sing absence of symptoms, until large areas 
of lung are involved. The patients sometimes complain of shortness of breath, 
and there is a tendency to acquire other respiratory diseases, e.g. coughs, colds, 
and broncliitis. In the milder cases (e.g. in the vTiter’s series of bankerhands) 
there is little or no impairment of capacity for work. The more rapidly pro- 
gressive lesions (e.g. in sand-blasters) may incapacitate in a few ji^ears. Bromley 
quotes a case of a drj^-soap worker who died after four and a half years’ expo- 
sure : MacDonald, and others report fatal cases in packers of cleaning powder 
containing silica, after two and three-quarters and fom' and a quarter years. 
Badiologically the differential diagno.sis is from miliary tuberculosis, in which 
the nodules are smaller and more evenly distributed, from tubercular broncho- 
pneumonia and from the mycotic infections. Sporotrichosis may simulate 
silicosis closely. When confined to the upper lobe and calcified, the nodules 
may suggest old tuberculosis of the adult tjqie, but the sjunmetrical involve- 
ment, the even size of the nodules, and the absence of tracheal disiilacement 
usually make the distinction eas 3 ^ Mailer, in discussing j)ottery silicosis, 
draws attention to the fine network of reticular shadows joining the nodules 
as a point against tuberculosis ; it does not, however, occur in all nodular 
silicoses. 

The Third Stage is characterised by diffuse fibrosis. Tluee types 
occur ; 

(1) The larger nodules of the second stage coalesce, or lie close together, 
with poorly aerated hazj’- lung between them. The diaphragm movements are 
restricted and ewdence of pleural involvement is found (diaphragmatic 
adliesions. interlobar sclerosis). 
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(2) A diffuse fibrosis, consisting of a very lieavy pattern of dcii«e broad lung 
shadows with patches of confiiiencc, or without evident nodules. 

(3) Rounded paraliilar mosses, an extension of the lower lobe apex 
involvement previously referred to. Diaphragmatic involvement is likelj* 
to be piesent. 

The picture may show huge blocks of fibrous tissue in the middle of subapical 
zones, or extensive patchy fibrosis still retaining a suggestion of the former 
nodular distribution. Very large emphysematous bulla; may be f-een. The 
pleura is thickened. The diaphragm is <Hspiacc<l douaiwards by basal emphy- 
sema or distorted by adhesions Rupture of cinphj'senmtous bulla; may lead 
to spontaneous pneumothorax. Omically the patients are usually sick, in- 
capable of worlc, dyspnceic, and suffer from secondary heart failure conse- 
quent upon the extensive pulmonary disease. 

The difficulty in the third stage is to exclude a coincident tuberculosis. 
Kctlle suggested that the tuberculous element is always present when dense 
fibrous blocks predommate, but this is by no means proved. Cavitation points 
strongly to tuberculosis, but even tins is not pathognomonic, since non-tnbercu- 
lous cavities may in rare instances result from the cutting off of the blood 
supply to an aiea of the lung as a result of the fibrosis. 

“ Mixed Dust ” Risk. — Workers in ellieates (shale rock, containing 40 per 
cent of silicate, and 2 per cent, free silica) and in earthenware give a radio- 
logical picture in which the snow-storm nodular appearance may fail to develop 
or be much modified by strands, or later by patclies, of fibrosU. This fibrosis is 
diffuse from the early stages. Some tendency to nodule fonuation may be 
seen as the discaso.progresses, but the chamcterlslk picture is that of multiple 
fibrous patches throughout the lung field. 

“ Ikcipiext ” SrroE. — ^Tbc changes described ns occurring in earliest 
stage, prenodular bilicoMs, are (1) enlargement of the hilum shadows; (2) 
evidence of interstitial fibrosis, in the form of a (bffuse haze in the lung field ; 
(3) evidence of peribroncliial jwrivasailar fibrosis, in the form of tliickening 
of the lung reticulum and increase in the amount of reticulum visible. It 
corresponds to the stage of lymphatic block, with escape of some dust cells into 
the interstitial tissues, and early fibroblastic reaction. The infrequency with 
which the writer has actually met with any of these conditions lias made him 
sceptical about them, but a careful review of jiersonal cases lias shown a few 
examples of all three. Brink and Riddell have noted a diffuse paraliilar hazi- 
ness resembling that produced by a small female breast or strongly developed 
poctoralis muscle, but liiglier up. Flemming M oiler has also detected these 
“ pseudomammae.” A. R. Smith found the appearance in rock-drillers ex- 
posed to an intensive risk. In a few personal cases in stone-masons there was 
a definite enlargement of the hilar shadows, in which the pulmonary arterial 
shadows had not the usual clear-cut edges, but were obscured by a diffuse 
shadow fading off towards the lung field. In these cases there was a slight loss 
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of translucencj'- in the middle region of the lung field, in the situation where the 
rounded aggregation of nodules are found in the second stage. The evidence of 
peribronchial perivascular fibrosis, namely a richer and coarser network of 
arborisatio}!, did not occur in the writer’s series in stone-masons, but Flemming 
Mailer has found it in porcelain workers and has demonstrated it convincingly 
in his published radiograms. The fine sharply draAvn reticular pattern of 
the normal lung becomes much denser and more abundant: details are visible 
right out to the limg periphery. The separate lines are w'oolh'', and lack 
sharpness. This apjiearance is seen also in cases of asbestosis. None of these 
appearances can be considered tj^jical or conclusive evidence of silicosis, as they 
may be simulated by passive congestion, chronic respiratoxy infection, or 
bronchiectasis. The writer has seen a case of mitral disease vdth back 
pressure Imig ixi a tool-giixxder working with carborundum wheels, which was 
xvrongly diagnosed as “ silicosis.” TJiis condition is easity x'ecognised : the 
shadoxrs of the enlarged vessels diminish even] 3 ^ in size xrheu ti’aced outwards 
from the liilnm. 

ASBESTOSIS 

Asbestos, a variety of hornblende, is a silicate of xnagnesiura . In appearance 
the crude product is a soft semi-translucent rock, vith a marked fibrous struc- 
ture. This rock is crushed, and the fibres are carded, spun, and woven into 
fabric for brake-linings and for heat-insulation materials. The chief lisk is in 
the carding process, in which the brittle elements, removed in the carding, are 
inhaled. Fine fragments of asbestos fibre are also inhaled, and form the ixuclei 
of the eurious “ asbestos bodies ” found in the lung on puncture or post-mor- 
tem {Cooke, McDonald. Gloync, Ellrnan). 

The Avorkers develop a cirrhotic condition of the lungs. It affects the loxrer 
lobes principally, and is a diffuse interstitial fibrosis. Of the 363 workers ex- 
amined by Meretveiher, 26-2 per cent, xvere affected. Evidejxce of asbestosis 
may be found after three and a half years’ exjxosure to risk, though this is not 
usually present until after six years' exposure to asbestos. 

Clinically dyspnoea is the prominent .symptom — ^in earlj' stages oixlj’^ ac- 
companying effort, iix the advanced cases brought on by the least exertion. 
An irritable cough may be present. Cachexia occurs in the late .stages. 

The .writer has had an opportunity of studjdng during the last seven years 
over tv'o hundred films of Avorkei’s in a.sbestos. The majority of these, engaged 
in weaving or .spinning, shoAved no outspoken radiological appearances, even after 
fifteen to tArenty years, but ixositiA^es were encountered in wea\^ers, disintegra- 
tors, mixers, and carders of eight to thirty years’ exposure. Of 211 cases, 12 
Avere definite positives, Avith Avell-marked changes. 14 had slighter changes, ^ 
visible in the X-ray, and 6 AA^ere “suspicious.’' Wood, Sparks, and ‘ 

examined 80 employees in 1928 in London and found definite eviden ’ 
asbestosis in nearly aU. 
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in "which the nociiilation is scattered like dci\ drops on a cohw'ch. These nothiles 
may reach considerable size, but arc always soft and fuzzy at the edges, never 
hard and distinct like tliose of silicosis. They sometimes sliow a lobular and 
acinous grouping in rings and rosettes, like the lesions of productive 
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marked in tlic perihilar and basal regions. This mottling is soft in cliaracter 
and lacks tlie peripheral distribution, the sliarp definition, and the density of 
tlie tyi)ical silicotic nodule. The interesting feature is the early onset of the 
radiological appearances, in some cases within a j'^ear of commencing work. It 
is possible that the mottling in these eaiiy stages may be due to staining by 
deposition oi‘ an iron compound, comparable to the local “ siderosis ” which 
may cause a persistent shadow after removal of an iron foreign body from a 
bronchus. Post-mortem examination of two cases, which had shown typical 
snowflake mottling in their radiograms and had died of abdominal cancer, 
showed no nodulation and no abnormal fibrosis in the lungs. Ojie of these 
men had woiked for forty years in the industry. The condition is therefore 
not a typical 6ilico.sis, though it would appear that this condition may also 
occur in thi,s ijidustry. 
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(1) Tlie lower half or two thirds of the lung clouded by “ground-glass 
opacity,” peen on close inspection to he due to innumerable fine striations and 
punctate stippling. The characteristic noclulation of silicosis was not seen. 

(2) Evidence of pleural ndhe.sions or thiclccning, sucli as obliteration of 
costo-phrenic angles, apical tliickening. 

(3) Outline of cardiac sliadow shaggj'. 

(•i) Occasionally enlargement of tlio pulmonary artery, due to back pres- 
sure and over-distension. 

Eurlon Wood and Oloyne, 1931, found ten. cases of tuberculosis in a series of 
fifty-seven cases of aabestosis ; nine %<ere females, mostly young, whose sus- 
ceptibility to tuberculosis would be greater than that of tlie average worker 
in dusty trades. Bronchiectasis may occur, but is not distinguishable 
without lipiodol. 

While agreeing that tlie lesions arc first seen at the bases, and may be con- 
fined to them, the writer has noto<l cases in nhich tlie disease has spread later 
to the whole lung on V>oth sides. 


SIDEROSIS 

Pulmonary Changes in Electrlc«arc Welders. — Loij and ]\IrIavfjhUn have 
recently described fine mottling ,ii radiograms of the lungs of electnc arc 
welders, due to the inhalation of fumes containing finely particulate iron oxide, 
with iwssibly a little stUca The X-ray appearances aie different from those 
of silicosis and asbestosis. It is at present unceitain whether the lesion ls 
a fibrosis or a chronic inflammatory change. Of sixteen cases examined, with 
histories of exposure of six to sixteen years, six liad 2 ) 0 sitjve X-ray appearances 
The patients were not ill, and tficre was no evidence of gross fibrosis m the 
cliest. The diaphragm movements were unimpaired. 

Acute Siderosis. — Appearances rathei similar to the above were found by 
Dentzai (1934) in a man employed for two months on a machine used for 
pulveiising steel. The radiograms showed the lungs to be studded with miliary 
infiltrations, most closely packed m the hilar regions. He ascribed them to 
multiple miliary' pneumonic areas, due to irritation. Tiiey disajijicared in nine 
months. He compares tlieni with changes found in some anthracite miners, 
described by Waimnifjht and NicJiols. These writers found, on histological 
examination of lungs of men who had ceased work in tlie mines for several 
years, apparent regression of tlie long clianges. It would seem tliat part of the 
radiographic changes in such cases is due to non-fibrotic elements— hyperrenna, 
stasis, a?dema, or lobular atelectasis 

Lung Changes in Hiematitc Iron-ore Workers. — Faiccill^ has observed m a 
considerable number of workers in the hsematitc iron-ore mines in Furness and 
West Cumberland a snowflake mottling distributed throughout the lungs, most 
‘ R. Favcitt, pctMinal rommimicaticii. 



VASCULAR DISEASES, SYPHILIS AHD THE ilYCOSES 269 


Occasional^ the outline is extremely sharply defined. An organised infarct 
may persist for a considerable time, gradually shrinldng in size. Htemoptj^sis 
usually occurs, but some infarcts are clinically silent. 

Eig. 178 shows an infarct in a female patient of 41 suffering from chronic 
heart disease.. Sire had marked cyanosis and d 3 'spncea. The radiogram 
showed a somewhat 


triangular shadow in 
the right upjrer lobe. 
Xrroved at autojrsy to 
be due to a large 
liamiorrhagic infarct. 
The post-mortem sj)eci- 
menis shown in Fig. 179. 
The heart was nureh 
hypertrophied and the 
mitral and aortic valves 
diseased. There was no 
hasmoptysis. and the 
infarct was not sus- 
jrected clinically. 

Septic Infarct usu- 
ally results from 
embolism after opera- 
tion or in abdominal 
disease. It may break 
down rapidly and form 
an abscess cavitj' 
(embolic abscess). 


SYPHILIS OF THE 
LUNG 







Fio. 179.- — ^Hipmonlingic infarct of riglit upper 
Autop'sy spccimon of case sliown in Fig. 178. 


lobe. 


Lung sj'philis is un- 
common. Up to 1920. 

Mclniyre (cit. iFreed- 
man) found fort 3 ''-eiglit 
reported cases with 
autopsj’’ findings. Three forms have been described ; (a) Gummatous ; 
(b) Interstitial fibrosing (Assmaini, Bergenlioff) ; and (c) Diffuse syphilitic lobar 
pneumonia. The latter, except in infants (pneumonia alba), is of doubtful 
occurrence. Five diagnostic criteria have been laid down: (1) Absence of 
grave .symptoms ; (2) Sputum negative for tubercle bacilli ; (3) Presence of 
other .sypliiHtic stigmata : (4) Positii’^e Wassermami ; (5) Response to 

antisj'^pliilitic treatment. 
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Interstitial Type. — The interstitial tj^po lias been describeti by Bergenhojf 
and by Assmann arising in the hilum and sliowing shadows radiating thence, 
due to infiltration of tlie lymph spaces, and spreading along lymph vessels 
in the peribronchial, perivascular, and interlobular connective tissue. Tliis 
proliferative process is most marked in the perihilar region and in the loner 



Fro. 180 — Sypliiba of lungs. (Autopsy.) 

lobes. There is a marked tendency to a subseciuent fibrosis and shrinking ; 
bronchiectasis may occur. Bcrgenhqff has observed a number of cases of this 
tyjie. In the absence of post-mortem control, the diagnosis i.s a somewhat 
hazardous one, as the appearance can be .simulated by other conditions. 

Gummatous Type. — Gummata may be small miliary nodes, or large and 
tiimour-hke, occurring anyw’here in the limg fields, usually in the right loner 
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and middle lobes. They are usnallj^ sharply defined and round, or. if sur- 
rounded by fibrosis, of iiTcgular shape. They may camtate centrally. It is 
obAdous that tlie^^ may be indi.stinguishable from neoplasm of the lung. 
Radiologically, the only distinguishing feature from a nodular carcinoma is 
the rate of gi’CAAdh, slow in the case of gummata, rapid in carcinoma. The 
history of long duration of illness is incompatible rUth malignant disease. 

Still rarer forms of pulmonary sypMlis are : (1) Gummatous rdceration of 
bronchial mucosa, followed by fibrotic bronchial stenosis {Lenh ) ; (2) Pul- 
monary arteritis. It is believed b}^ some vuiters that Aj^crza’s di.cease is a 
syphilitic manifestation {Konslam and Twvbnll). 


PULMONARY MYCOSES 

The importance of this subject lies in the fact that many systemic mycoses 
occur Avlfich are clinically and pathologically similar to tuberculosis, and that 
they may produce changes in the lungs, ranging from bronchitis to massiA^e 
pleuro-pneumonic lesions, Avhich resemble tuberculosis radiologically and can 
only be differentiated from it b}' exhaustive bacterial and mycologieal study 
of the sputum. 

The radiological aspects have been, studied as a Avliole by FmpcHt, a^ hose 
paper contains OAmr eighty references to bronchomycoses affecting the lung. 
Reference should also be made to Dodges AA'ork (193G). to Casfellani (1028), to 
Bnmpf. and to articles in the American journals, of Avhich the most recent 
and most detailed is that by Carter. 

It is still open to question to aa hat extent pulmonary mj^coses may affect 
the general population in this country. That the incidence has, in most cases, 
a geographical or occupational distribution seems certain. Eor. example, 
coccidioidal granuloma, affecting the skin, lungs, and oropharjmx. is almost 
confined to California. Blastomj>'cosis is common in the middle-AA^est regions 
of the United States, and all mycoses are more frequent in the tropics or sub- 
tropics. Moiuliasis has been "desciibed by Mareil as of freciuent occuirence 
in the Channel Islands. > Among occupational risks may be mentioned actino- 
mycosis, in persons exposed to hay and grain ,• hay-dust disease (Broncho- 
mycosis Eeiriseciorum, Fawcitf). in farm-hands worldng Avitb mouldj’^ hay 
infected AA'ith Aspergillus. Penicillium, and Mncot" {Munro-Cantpbell, Faivcitf) ; 
and pigeon fanciers’ disease (Aspergillosis), affecting those Avho feed pigeons by 
hand vdtlr grain. 

Pungi are of almost uirwersal distribution. Thej'- are loAvly plants, con- 
sisting of mycelial threads (Iryphse) and spore-bearing apparatus. IMost of 
the 100,000 knoAvm species are non-pathogenic to man. Familiar examples 
are Mucor mucedo, occurring on damp bread, in sod, and in horse-drmg ; 
Penicillium, on mouldy cheese and graiir ; Aspergillus, on decaAung Amgetablo 
matter ; Oidirun lactis, on milk and cheese. 
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Caslellani classifies the broncliial mycoses as ; (1) Duo to yeast-like fungi— 
Monilin, Cryptococciis, Saeehararomyces, IJlastoniycouIes, and Endomyces. 

(2) Due to filamentous fim^ — (a) Slender, e.g, Nocardia, Anaeromyces, and 
Vibriothrix ; (b) Larger, e.g. Oiditim and Hemisporn ; (c) With characteristic 
fnictifications, e.g. Aspcrgilhis, Penicillium, ilucor, Rhizonmeor, Sporo- 
tncldum, etc. 

Coccidioidal Granuloma. — The organism, coccidioides immitis, is distinct 
from blastomyces. It nfiects theskinormucousniDmbranes.andasasystemic 
disease produces granulomatous lesions M'hich are always fatal. The pulnionaiy 
lesions are essentially gTanuloTnata, and in the radiogram cannot be clearly 
distinguished from tuberculosis; they show, houever, certain tendencies, 
which div'erge from those of tuberculosis. These may bo summed up as 
follows. (1) The mediastinal and hilar glands are often enlarged even m 
adults. (2) Jliljary spread is very common, hut produces a vaguo ground- 
glass appearance, in which the individual lesions arc not as sharply defined 
or distinct as they arc in miliary tuberculosis. 

There is little or no evidence of spread from the upper lobes downwanls, 
and cavitation is rare in the older lesions. Cavities, if present, have no fibrous 
nail. Fibrosis tends to bo absent from the picture : linear fibrosis and re- 
tractions of the liiliiQi and mediastinum are not seen. Nodular and aciuous 
lesions do not occur. A striking feature is the tendency to produce destructive 
lesions in bone and absces-ses in the thoracic ^tall, which are e:ccecdingly rare 
in pulmonary tuberculosis. 

Blastomycosis. — Tlie most cliaracteristic lesion is a chronio spreading 
cutaneous infection, with abscess formation, ulceration, and thickening of the 
epidermis. TJie infection may, however, gain entrance tlirough the respiratory 
tract, and estabhsh a bronchopneumonic patch, followed by growth of the 
organism. The radiological apjiearances arc even more like those of tuber- 
culosis than in the case of coccidioidal disease. Nodular manifestatioi« are 
common, either miliarj’ or coarse. Cavities, blotchy shadows, due to broncho- 
pneumonic spread, fibrosis, and well-organised pleural thickening and ad- 
hesions are described. 

The disease is not often recognised in its early stage.s if confined to the 
lung. Partiadar interest, therefore, attaches to the case shown in Fig 181* 
described by Dr. Ji. L. Bav-ihismi : 

M., .'Bt. 29. Hisfory . — ^At the age of 19 attended Guy's Hospital suffering 
from broncliitis and loss of weight. Attended at Brorapton Hospital in 1031 
with cough, dyspncea, and moderate expectoration. Clubbing of fingers, 
physical signs of bronchitis. Blastomyce.s isolated from the sputum. An 
X-ray examination in May, 1931, showed very heavy hilar shadows with 
evident adenopathj'. The enlarged glands arc in genetal not clearly separable 
from the hilar shadow, but a distinct nodular shadow is apparent in the left 
hilum just above the left branch of the pulmonary artery. In addition the 
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original film shOAved generalised small jpatdhes of mottling and fibrosis. Tfie 
patient .was, treated %rith potassium iodide and improved greatly. A.second 
film, taken in September 1931 shoAved marked improvement in tbe lung 
condition. Tbe lung mottling and glandular enlargement bavn disaiipeared. 

Actinomycosis. — The causative organism is the “ray-fungus ” (Actinomy- 
cosis boAUs). The tj’pe of lesion wliich it causes in the jaw, mouth, alinientary. 
tract, and elscAA-here is aa-bU knoAA'n, and iieed not be further described. 


Infection of the lung 
probably occurs directly 
through the bronclii. It 
is usually unilateral. 

The four types of Glirhti- 
son and Warivich are de- 
scribed by Jacobson : - 

(1) JBronchific Tyjpt . — 
Pus and fungi are present 
in the bronclti only. 

(2) Pncimonic Type . — 
The process spreads to the 
alA'eoli, AA'hich become filled 
AA’ith pus. Tliis broncho- 
pneumonic lesion may be- 
come organised, producing 
a hard fibrous nodule or 
nodules. In some of the 
lesions this attempt at 
repair may fail to pcciu, 
and the alveolar aa'hIIs are 
destroyed and replaced by 
pus and fungi. 



(3) Phiiw -pneumonic 
Type . — ^Tlie abscesses' groAV 


■ Fig. 'IS l. — BlnstomycosK of lung. 


larger, and the disease . ' ' • 

spreads to the pleura,. AA'here pms or granulation tissue may appear. 

(4) The organism enters the blood-stream and metastasises to other jrarts of= 


the lung. . • '■ 

Direct ihA^asiA'e extension is more tj’pical of actinomycosis than of the , 
other mycoses preAnously described,! so that tlie disease tends to produce one' 
or tAA'o extenshP lesions rather than multiple scattered foci. A ifieurb- 
pulmonary type is common. The iileiua and adjacent ]\mg are matted , 
together. by dense fibrotic tissue. y ' , 

Radiologically, massh^e con.solidations predominate. Abscesses may be^^!, . ' , 
demonstrable. Pleural thickening, localised empyema, or. . extension , to , 

X'.K. I— Is ' :• 





Fia 1R2 — Actinomvcosid of lungs 


downwards and to afreet tlie bases more than the apices in contradistinction 
to tuberculosis. 

SttftptciViitbtisis is AescribeA bj Poncoost ami Pendergrass. li wteoibles 
actinomycosis radiologically, but the organism is of branching filamentous 
type and has different clinracteristica. It is probably of more frequent in- 
cidence than is usually realised. In the lungs it may cause extensive consohda- 
tion and multiple cavity formation, pleurisy, and empyema. The lungs are 
most often affected, but other viscera and the lymph nodes are often attacked- 

Torulosis. — The organism is the Tonila histolytica {Stoddard and Cutler, 
1016). It may produce general or local disease, and primary respiratory 
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involvement is common. The pulmonary disease is chronic, with a strong 
tendency to fibrosis, but little to caseation. Pleural involvement is absent 
or slight. A form with general peribronclual thickening oecins. The lesions 
are ahnost always compatible ^vith a diagnosis of tuberculosis. 

Aspergillosis. — ^The species of A.spergillosis associated u'ith pathological 
conditions in the lungs are A. fumigatus-and A. niger, both commonly fomid 
on dead vegetable matter, in various cereals, hay, and straw. Broncho- 
asjiergillosis has been called “ bird fanciers’ disease,” and is prevalent among 
pigeon and canary fanciers. It has been suggested that infection may occur 
through the habit of allowmg the birds to take food from their lips. It also 
occins among hair-sorters. The pathogenicitj’’ of this fungus is well estabh'shed : 
over 100 cases are on record.. The symptoms are those of bronchitis with 
rather scanty mucopurulent sputum, cyanosis, and marked dyspnoea. Heemo- 
ptysis may occur. In some cases the sxJutum'Jias an odour, of brewer's yeast. 
Eadiograms show fine motthng through both lung fields, together with con- 
siderable emphysema, superseded later by an accentuation of.the lung markings 
interpreted as fibrosis. The findings are, in fact,'those of a bronchitis’, and not 
those of tuberculosis. Gross pneumonic lesions noth or without caAutation 
are also described. Other organs h'kely to be attacked are the. abdominal 
\dBCera and mesenteric glands. ' / i 

Sporotrichosis : infection with sporotrichium, a branching, septate, spore- 
bearing mycelium. The usual infectipn is through the sldn in a^cultural 
workers and gardeners. After a varialale incubation period, a localised sldn 
lesion a^jpears, followed by lymphangitis. The disease may become dissem- 
inate in the body, and occasionally attacks the lungs. . 

Bronchomycosis Feniseciorum. — In 1932 31'imro-Campbdl published a 
short monograph describing a form of bronchomj^cosis occurring jn Westmor- 
land farm-workers. FawcHf, in the next county, quite independently noted 
lung changes in a radiogram of the chest of a farm-hand wliich Jie traced back to 
a possible infection from mouldy hay. The man's symptoms dated from a time 
Avhen he had been moving this hay, from which the dust rose in wMte clouds. 
Faiuciit later succeeded in identifying five other cases fi'om the radiographic 
aj)pearances, and submitted the sputa to competent pathologists for examina- 
tion. The organism found were AspergUhis fumigatus. Penicilhum, and 
Mucor, either alone or mixed. Symptoms came on in some cases in four days 
after exposure to the dust (correspondhig uith the time taken for fungus to 
grow on culture media), in other cases more slowly, when the exposme to the 
dust had been more jirolonged. Dyspnoea was the leading symptom, with 
some cough and frothy mucopurulent sputum. The chnical signs were those 
of bronchitis and emphysema. If treated with potassium iodide, the eases 
improved ; the more chronic cases were admitted to sanatoiia, but tubercle 
bacilli were never found. There was oidy one death : In this fatal ease ' 
the radiogram, taken three months after the onset of the illness, showed 
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extensive fine mottling throughout both lungs, with very considerable increase 
in the hilar and peiihilar markings, fading off towards the bases. A film 
taken five months later showed what appears to be a partial right-sided 
pneumothorax. Tliere were also small clear areas near the hilum, suggesting 
cavities or bullce. The patient did not injprove, and three years later died 
of an acute streptococcal pneumonia. Post-mortem showed emphysema, 
pleural bull®, and acute congestive and pneumonic changes from recent 
infection ; there was a considerable amount of fibrosis in bands traversing the 
limg substance The exudate contained streptococci and yeast-like cells. 
The silica content was 1'5 (normal). No tubercle bacilli. The radiological 
appearances in the other cases were simitar. In no case w ere gross pneumonic 
or broncho-pneumonic changes visible in the radiograms. 

Moniliasis. — The monilins have been <lfcscribed in detail by Cailellani. 
Several species are pathogenic to man, and wlien injected into the lun^ of 
rahbits produce nodular and caseous lesions. Slonilia Candida, a yeast-lilvc 
organism, has been studied extensively in Jersey by Marelt, SltxvaH, Yoxing, 
Wood, and others. MarcH believes that infection is carried by milk Imin 
infected cows, thougii this is questioned by other workers. Oliver has described 
the condition ns a definite clinical entity. Jfonllia giva rise to pus formation 
in chronic lung infection. There Is a mechanical action duo to local growth of 
the fungi on the mucous membrane, similar to thrush in tho mouth. Tlie 
X-ray findings are as a rule slight, and consist only of increase of the hilar 
shadows, increased lung markings, and in the fonn of fans and smudgy streaks 
nmning clown towards tho bases. Bronchiectasis may occur. Treatment is 
by potassium iodide and vaccines. It is I>elieved by the worjiers cited that 
momlia is not only pathogenic by itself, but that its presence in conjunction 
with tuberculosis seriously prejudices the chances of recovery. Carter states 
that, while moniliasis is generally considered a mild mycosis, the disease varies 
from a mild bronchitis to a severe disease resembling tuberculosis. One fatal 
case is recorded. 



CHAPTER XXVI 
TUBERCULOSIS OE THE LUNGS 
GENERAL 

The conthoversx whicli raged during the earlier years of radiological work 
over the value of radiology in the study of puhnonary tuberculosis has almost 
died out, because there is no longer room for doubt that the method properly 
applied and used -will detect the presence of tuberculous disease of the lungs 
with greater certainty than any other method whatever. Nor is there any 
question that the negative evidence is reliable, with an extremely high degree 
of accuracy. Not, be it admitted, ndth absolute accuracy. Lesions of very 
small size associated nith j)ositive sputum ma 3 ' occasional!}^ be present in 
situations in which they cannot be detected in a radiogram. Yet even these, 
in the lifetime of workers of great experience, constitute an almost negligible 
proiDortion of the whole. 

Assmann records his experience as follows : “ Only in extremely rare instances 
of eases verified by positive sputum tests does the radiological examination 
show a complete absence of risible change, and in these the density and extentof 
the lesions may have been too slight to allow of their recognition, or other 
shadows may have hidden them. The reverse is, however, a matter of daily 
experience, that tuberculous disease can be demonstrated radiologically when aU 
other clinical means fail.” The writer's ovn experience bears this statement 
out fuUy. There have been many occasions on which, owing to some distxn-bing 
feature in tlie history, such as hsemoptysis or jjjTexia, he has felt that his ex- 
pressed opmion that there was no X-ray eridence of disease in the lungs 
might in the event prove misleading, but he cannot find a single instance in 
vhich it has subsequently come to his notice that the patient has developed 
pulmonary tuberculosis or in which a subsequent radiogram has proved positive. 

Samson and Lawrason Brown, in an attempt to study the incidence of the 
five cardinal symptoms in 280 cases of minimal tuberculosis, found in 27 per 
cent, typical rales, in 27 per cent, hajmoptysis, 12 per cent, effusion, tubercu- 
lous baciUi in sputum 35 per cent. Definite parenchymatous lesion was found 
in 99 per cent, of tliis group. In a further series of 1,004 consecutive cases, 
there were none vdth definite clinical signs and a negative radiogram. There 
were 396 in which the radiogi’am showed definite eridence of tuberculosis with 
normal clinical signs. As regards the extent of the lasion, in 211 cases both 
methods gave equal eridence. In 361, the radiograms shownd more extensive 
disease than the clinical signs. 
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But it must be emphasised tliat conclusions as to the tuberculous retiology 
of tlie disease cannot be drawn from mdiulogicnl evidence with any complete 
certainty — since many forms of tuberculosis may occasionally be closely 
mimicked by other conditions ; further, that hard-and-fast opinions upon tlie 
activity of the disease are usually unreliable on the evidence of a single or even 
repeated radiological e\amination. These points must be determined in the 
light of all the e\'idencc, and the clinical comlition of the patient, the tempera- 
ture, sputum examination, blood sedimentation, reaction to exercise and 
fatigue, weight, energy, appetite, and other clinical factors in the picture of the 
disease must always outweigh tlie radiological evidence in estimating progress, 
prognosis, and the need for, and effects of, treatment. 

■Uhth due regard to these and other limitations of the method, it may bo 
stated, liowevcr, that the location and extent, the pattern ahd the structure, of 
the tuberculous changes can bo determined with great accuracy ; that valuable 
indications as to the age and type of individual lesions may be obtained ; that 
cavitation, fibrosis, extension, or regression of lesions may be determined 
immediately and unequivocally by this method. The wntcr has always felt 
that the controversy referred to at the commencement of this section was 
singularly inept. Ho has steadily refused to see any duality of interest in this 
matter, feeling that it is not of the slightest consequence in any given case 
which method produces tho most abundant or most useful information, 
provided neither is neglected. 

Tuberculosis is often brought to light in patients who aro apparently well 
or have no chest s}'mptoma. It is a common experience of all nuhologists to 
encounter such lesions during the course of a barium-meal examination. 
Devler quotes six cases of tuberculosis discovered among 1,3G9 healthy police- 
men, two to six per thousantl ca8e.s in students, more than half of whom had no 
suspicions that they were ill. Tliis autlior beheves that a freer use of radiologj' 
IS an essential part of the fight against tuberculosis. Some physicians have 
advocated mass examinations of certain classes of the population, namely 
contact cases, school cliildren and students, inmates of institutions, nurses, 
policemen, military men, and post-infiuenzal cases. Freund states, fiom 
investigation of 20,000 tramway employees, that since 1928 tlio tuberculous 
mortality among them has dropped to 0*5 i>er 10,000, much below the general 
mortality late among the better classes. This he asenbes to early X-ray 
examination available to them since 1928. Prior to that date, tho rate among 
them was the same as tliat among tho general population. 

The radiologist who finds, during the course of an opaque-meal examination, 
e^^dence of widespread tuberculous involvement has meiely obtained easily and 
^vith the exercise of quite ordinary care evidence which it was obviously more 
difficult to obtain olinicallj'. He has no grounds for self-congratulation. The 
duty of the radiologist, it has always seemed to the vrnter, is to redouble lus 
efforts and so to improve his knowledge, and to study every particle of evi- 
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clence -which his examination afForcls, tliat he shall he in a position to state 
exactlj' the meaning and the worth of that evidence. This task is for the 
writer, as for most of iis, as j’^et mrfulfiiled. nor wdl the earnest study of the 
remaining years of our lives suffice for its fulfilment. The main prohlem and 
responsibility remains with the chnician in charge of the case, who is inrariabiy 
gi-ateful for a reasoned exposition of the radiological findings and usually lenient 
towards errors which do not proceed from the dogmatism of inexperience on the 
one hand, or from lack of care on the other. 

The need for exact autoptic control of his diagnosis is one which is felt by 
every radiologist. Unfortunately, very few have the opportunity of seeing the 
future course of the many tuberculous jjatients who come within their pxuwiew, 
or of personally comparmg radiological -inth jjost-mortem findings. Aii 
autopsy of a case of pulmonary tuberculosis is. for the generality of practising 
radiologists, a rare event, unless they work in special chest hospitals or sana- 
toria, or in public institutions. Radiology owes a debt to the German school 
of radiologists, notably Assmaim, Graeff and Kiipferle. Simo7i, Redeher,' 
Uandel\ Flei^scJmer, and others, for a valuable sy^stematisation of knowledge 
based upon such correlation, wliicli has brought some precision to our 
conceptions. Though this work still admits of considerable controversy in 
matters of detail, it has met with sufficient acceptance abroad to warrant an 
attempt to give an outline of it in this work. Equally valuable work has been 
done elsewhere on the Continent, and in America the brilliant anatomical 
researches of W. S. Hiller, and clinical and radiological studies by Sante, 
Wessler and J aches, Opie, Pmicoast, Pendergrass and many others, have 
contributed greatly to oim loiowledge. 

RADIOLOGICAL FINDINGS AND THEIR PATHOLOGICAL BASIS 

The Exudative Focal Lesion (“ Herdschatten ”) 

The exudative focus commences as a collection of cells and fluid in one or 
several acini of the lung. It rapidly extends, and in a very short time pro- 
duces larger lobular exudative foci. The edge of such a lesion is not sharply 
defined, since at its periphery air-containing alveoli and alveoli full of exudate 
may be intermingled, while -the surrounding tissue may be the seat of a non- 
specific perifocal (collateral) reactive process, characterised by hj'peraemia and 
oedema. The absence of any well-defined anatomical boundary is reflected in 
the X-ray appearances, which show a denser central shadow gradually fading 
off into its surroundings. Radiologically these foci are rarely single. They 
usually overlai) and are not separated normal^ translucent air-containing 
lung tissue. The picture, therefore, in a case of multiple anatomical lobular 
exudative lesions, is a rather extensive region of cloudy opacity in wMeh are 
discovered central, usualty somewhat rounded, condensations. The interven- 
mg lung, not being completely airless, gives to the whole affected region an 
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irregulnr mottled pattern of light and shade. Areas of tiihcrculous pneumonia 
involving more extensive areas of lung tissue are not, ns n rule, rounded in out- 
line, though they may bo ; in which case they give rise to great difficulty in 

diagnosis. Caseation cannot 
be diagnosed from their ex- 
tent or density, but only by 
the occurrence of cavity 
formation within such areas. 

The shadowed region 
may not he entirely due to 
specific tuberculous pneu- 
monia. Collateral inflam- 
matory changes may 
contribute to the picture ; 
these changes may be due 
to different factors, such as : 
(c) infiltration with serum 
nnd lymphocytes ; (6) fibrin- 
ous exudate ; (c) desquama- 
tion ; or (d) epithelioid zones 
with giant cells. These col- 
latcml or “ epituberculous ” 
clianges have been studied 
principally during the radjo- 
logical era. The tenn "epi- 
tuberculosis,’* introduced by 
Elias and Neuhrtd in 1020, 
lias indeed been described as 
a radiological conception, 
Fra lS3-Se.l.cn. Tuberruta, of lung E.ud.t... ,vl,ich in the Ollimon of «omo 
type of lesion « 40 * , i i .1 

On th, left nr tta ...Iran .. .n nf ll.lS booil BOraewhUt 

tuberculous inflammatorv tissue The nlvroli elsewhere over-eniplinsised ; for it bas 
are filled with cedematous fluid and cellular exudatc\ which bcCH established that not 
m...d,nBr.ra*ooiacanra,„,ll,U.|i„rih.„,l,.rf„.. fleeting » 11(1 rapidly 

clearing perifocal reaction 
is an “ unspecific ” one. Tnie tuberculous pneumonias may beliave in the 
same manner. 

Oppeiiheimer found that a lesion having X-ray appearances lilce tliose of 
epltuberculosis followed the experimental introduction of dead tubercle bacilli 
into the bronclms of rabbits liypersensitix'e to tuberculosis. In non-allcrgic 
animals such results could not be obtained. Intratracheal injections of living 
bacilli in Uyperaensitive auimals ^wodweed lesvwtvi ladiologically “ epltuliercu- 
lous ” — anatomically areas of tuberculous pneumonia from wlucli the animals 
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died. OppenJieimer puts forward the tlieory that the epituherculoxis lesion is a 
benign tuberculous pneumonia which resolves ; it is due to a discharge of dead 
tubercle bacilli and a few living bacilli from a caseous focus ; the progressive 
lesion, on the other hand, is due to discharge of many living bacilli. The pro- 



Fxg, 184. — Advanced tuberculosis. iVtainly exudative -vvitli cavitation. 
Death one month later. 


portion of li\dng to dead bacilli and the degree of resistance of the indmdual 
will determine the issue. 

Almost any extension of the original focus may show the same type of peri- 
focal reaction, ’which may clear up rapidly. The existing focus may only be 
distinguishable by necrosis and cavitation, or later, bjr calcification. 

Further Progress of Exudatixtg Lestons. — (a) Tf there has been no 
caseation, thej’’ ma3'^ become absorbed and disappear, leaving no trace- visible 
in the radiogram, {b) If caseation and calcification take place, a dense central 
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shadow remains, (c) Necrosis and exjieetoration lead to canty formation, 
a characteristic radiological appearance. 


The Productive Focal Lesion 

Tho “ productive ’’focus differs from theexudative in its much more limited 
size and in its essential pathological nature. It consists of tuberculous granu- 
lation ti.ssue, developing in 
an acinus of the lung, and 
invading ncigiibouring acini. 
Such foci are not surrounded, 
like the exudative foci, by 
zones in which air-containing 
and exudative-filled alveoli 
are intermingled. On the 
contrary, each nodule of 
tuberculous granulation 
tissue is surrounded by nor- 
mal alveoli. 

Groups of these foci, often 
arranged in the form of 
rosettes, or radiating petals, 
fonu a striking picture if 
careful study is made of a 
radiogram. They are sharply 
defined, and surrounded by 
areas of normally translucent 
lung. The writer, in an effort 
to analyse tliein more closely, 
has made the foUoiring ob- 
servations. Tlie petals, four 
to six in number and about 
J inch in diameter, are 
arranged in rosette form 
around a central clear dot, a 
millimetre or two in width. 
The whole rosette will have a 
diameter of from J to 1 cu’- 
Each petal will be composed 





Fjr. 185 — Section' Chronic phthHis Pro(lu«ti\<> 
tvpe of legion x 40 Tlie proUitctive lesions connat of 
organised tuberculous granulation tiriinie Tho lesion is 
gliarply riefined from the surrounding alveoli, vlitch 
contain little exudate A ro^Ctte-like grouping of the 
lesions may be visible in radiograms. Th^ usually pre- 
sen e a well defined edge , and there is a marked tend«icy 

to fibrosia and calciflcation * . " •lU 

of a ring of opacity with 
translucent centre. Tliis rmg of opacity can itself be analysed into a group of 
dots, each about 1 mm. in diameter. This arrangement of the petals is exactly 
the same, as regards dimensions and genetal appearance, as the components 
the residual shadow found for weeks or months after the administration of 
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lipiodol. The lipiodol “ rests ” in tho groups of alveoli in relation to the 
terminal bronchioles (acini) may show an exact reproduction of tho minute 
structure of productive tuberculosis. 

There is no doubt in the writer’s mind that the anatomical arrangement is 
the same in tho two cases, and that the same anatomical sub-unit of the lobule 
is involved in each case (see section " lung parenchyma ”). 

The division into exudative and productive lesions above described repre- 
sents facts which arc certainly true. These different lesions can be recognised 
radiologicaliy and pathologically. But both forms iiiay be intermixed ; and 
Assmann has for this reason canlloned against the too ready application of the 
terms “ productive” and “exudative,” stating tliat in tho majority of al! 
cases, productive and exudative processes are going on side l)y side in the same 
tuberculous focus, and cannot bo separated from oive another by the naked eje. 
If tiic naked eye cannot thstinguish them, lie argues tliat tiie radiogram cannot. 

He prefers tlio terms “nodular” {Kiii/lchenjdrmig) and “indurative” 
forms on the one hand, and “ cascopnoumonic ” on the otlier, n hicli in the main, 
though not exactly, correspond to the “ productive ” and “ exudative ” lesions. 

Oraeff and Kiipferle themselves recognise the impossihility of making too 
sharp a distinction between these two fiuulnmcntal forms and speak of 
“ mainly prodtictive ” or “ mainly exudative ” Jesions. From a prognostic 
point of view, too mucli emphasis must not he kid upon the distinction. It is 
true that many cases with “exudati\'o” characteristics are acute and of a 
serious typo. Also that many, perhaps the majority, uith “productive” 
characteristics are relatively benign, and tend to evolve through fibrosis to 
healing Yet we knoa* that many lesions of the exudative tjTie clear up raiiidly, 
and tliat some of tho productive type are serious and progress rapidly. Tlic 
prognosis too may depend, not on the cliamctcristics of tho individual lesions, 
but upon their extent, and upon the lesions tckich may develop from them, vliicli 
can in no way be determined by the cliaracter of tlio lesions present. Other 
factors of immunity, rosistance, and social conditions come into play ivhicb, 
m the present state of knowledge, render nugatory attempts to correlate prog- 
nosis with the momentary radiolc^ical oppeacances, except in. the most genernl 
and tentative way. 

Indurative Tuberculosis (Fibrotic) 

Both the exudative type ami the productive tyjie tend to heal \rith the 
formation of a protective fibrous tissne. Evidence of this fibrous reaction is 
found in the radiograms (1) Tlie fibrosis in and around the tubercles is evi- 
denced by increased density and definition of the individual lesions. (2) Tlie 
fibrosis in the lung stroma around tho lymphatics and blood-vessels, and 
bronchi, causes a coarse striation of the affected region. The stiands run in the 
direction upwards from the liilum to the periphery. Tliey are coai’ser and more 
irregular tiian the normal vascular shadorra, and do not show tlie same regular 
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brancliuig. Tlie tendency of the fibrous tissue to contract causcis the'^e strands 
to be pulled into straight linear form. ITie effect upon tlio surrounding tksues 



Fio 188. — Chronic tubercuJosw. M 48 Lesions raamb' productive type JIueli fibro»i= » 
multiplo'small catities. emphyserns, tuberctilou-s ulceration of laiyntc 

of the fibrotie contraction is to cause displacement of them in the direction of 
the zone of induration. Such displacements commonly observed are : 

(1) The trachea is usually pulled towards the lesion, and in advanced apical 
tuberculosis is convex towards tlie lesion. 

(2) The affected lobe is tiiniiniahed in size. The interlobar fissure separating 
it from other lobes is displaced towanls the lesion, and usually concave. 

(3) K the lesion is in the upper lobe, there H frequently a displacement of 
the hiluni upwards on the affected side. The vascular tnml<s then originate at 
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a point liigher than normal and are directed almost vertically dowTiwarda 
towards the base. A dissociation of the coinponent.s of the hilar shadow is 
often seen, and the pulmonary arteries and their branches stand out with 
unusual distinctness. 

If the fibrosi.s is’ of the massive tj'pe, the alTccted lobe may be shninken and 



Fjo 190. — Pulmonary tubercoloiua ; Fibroaia and itntion rigbt upper 
lobe Disseminate bronobopneuinonic lesions m loner lobes 


airless, either throughout its extent or through a wedge-shaped area which, in 
the lateral view, may correspond with tlie distribution of a pnncipal subdivi- 
sion of the lobar bronchus. In extensive fibrosis, the chest wall falls in, and the 
ribs slope more steeply on the affected side. The diapliragm is elevated and 
the heart and mediastinum displaced tow’ards tlie airectp{l side. A complete 
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imilateral obsciuity. Mitli this displacement of the diaplu'agm and mediastinal 
stnictures, often combined "sUth thicteuing of the plem-a, is sometimes en- 
comitered as an end result of tuberculosis. It may be indistinguishable fiom 
the very similar picture due to bronchial carcinoma vith unilateral complete 
atelectasis, or from the end residt of a chronic interstitial pneumonia. 

Emphj’^sema is usually present, (a) as a compensatory emphysema of the 
unaffected lobes ; (b) in the alveoh of the diseased area which have not been 
affected by the disease. This emphysema is usually a marked feature, and 
produces a clearty defined motthng of translucent areas intermingled with, or 
bordering upon, the densities due to the disease. When these empln-sematous 
areas are lai'ge and of rounded form, they .rimulate cavities : indeed, it is often 
impossible to distinguish one from the other rrithout lipiodol. 

Cavitation 

Cavitation oceitrs as a result of the central necrosis of a caseous area, which 
may be actually very small, or large, A small cavity may rapidly increase in 
size as a re.'Jult of elastic traction of the surrounding lung ; tliis mechanism is 
proved by the diminution in its size which follows artificial pneumothorax, 
and has been convincingly demonstrated by FkiscJiner in radiograms showing 
marked variation in size of a thin-walled cavit}' in inspiration and expiration. 
Another mode of formation is the rajud breaking dovm of a large area of casea- 
tion and expectoration of the contents. 

norland, howerm, believes that the thin-v ailed ring shadows are more often 
caused by air imder pressure following partial obstruction of a small bronchial 
tube which would link them -with the large annular shadows due to emphysema- 
tous bullas. He quotes Vere Pearson, Avho found positive pressure after intro- 
duction of a pneumothorax needle into a large thick-walled cavity, which, after 
reduction to atmospheric pressure, again shoAA'ed a positive pressure when the 
patient breathed deeply, proving the presence of a valvular opening. Positive 
pressm’e has also been foxmd in large emphysematous buUse {IPoch singer), 
norland thinks that a small laj^er of fluid coA^ering the orifice of a bronchus 
leading to a caA'ity might cause a valvular obstruction bA’^ alloAAing air to bubble 
through it into a carity AA'hile preventing its exit because the secretion is too 
tenacious to escape through the narrow 02)ening. The tAvo theories are not 
iixeconcilable. but it AA'ould certainl3'' appear that the elastic traction of the Imig 
during inspiration is in a direction away^ from the centre of the caA’ity and that, 
even during expiration, the elastic force acts m the same direction, though AA-ith 
diunnished poAAur. tending to keep the cavity open and not to close it. Yet 
it is a matter of common observation that acute cavities, whether tuberculous 
or due to abscess, do close and rapidty disappear, in spite of tins elastic traction. 
The explanation can be found, perhaps, in the rapid deA'elopment of compensa- 
tory emphjxema of other portions of the lung of a degree sufficient to counteract 
this force. 

X-K. I — 19 
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Radiolooical Appearances. — ^IViien t}ie necrotic material in the ceutn 
of the tuberculoxis area has been replaced by air, but not before, it become- 
risible in a radiogram as a drcnlar, ovdl, or irregularly cfcnated-sliadow o 
varying extent. It is e.vtremcly important to verify the fact of cavity forma 
tion, since it la of Berious prognostic significance. 

Several fhfferent t;5’pe'? may be oijsencd ; 

(1) Early Cavity . — A cavity is not necessarily evidence of clironicity 
Some early cases of tuberculosis j»re.«ent themselves odth a single apical cavitj 



Fio. 1£H — Pulinonan- tuberfalasM Apical pauty. 

as the sole radiological manifestation. The cavity resulting from the rapid 
breakdo^vn and complete evacuation of an early infiltration 'rill shoir as a 
circular transluCenry irith a delicate mall ; there may be slight thickening ol 
the trunk mliich supplies it, due to lymphangitis of the vessels leading fiora it to 

thehilum. A fluid-level may be present, but is more likely to be absent. Such 
an early cavity may be in the upper lobe (usually posteriorly) or in the apex oi 
the lo'ver lobe. These are sites of election. Such early cavities may dmunisli 
in size rapidly and disappear in a fewoeeks or months, or may he followed by 
rapid bronchogenic dissemination. 

(2) Canties of recent origin, often multiple, may occur in the centre of a 
region of tuberculous infiltration which is cascating. These cavities are diffi- 


i-iG. 192.- 


, • The “ hilar ” cavitv was in the apex of 

-Pulmo.iarv tuberculosis with cavitation, ane 

' the right lower lobe. 
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ciilt to detect because they ore obscured by the surrounding shadow, and their 
walls, being formed of a cojisiderable extent of infiltrated lung, are only defined 
on their central side by the faint air shadow, and are ill-defined periplierally. 

(3) Ittnq shadows, luiving a dearly defined ^I'all, wliich may vary from one 
or t^vo milhmeties to a quarter of an inch in thickness These cavities may be 
multiple They arc usually chronic, but not invariably. The uall may be 

fibrous, or composed 
of softened pulmonary 
tissue. 

(4) S?na[( cavities in 
a mass of fibroid or 
fibrocaseoua tissue 
present a difficult 
problem, since they are 
masked or simulated by 
emphysematous areas 
in the same region. It 
is probable that tomo- 
graphy \nll be of great 
vnJuc in such cases. 

Fl-tflD - liKVELS IK 
Tuberculous Cavi- 
TTES. — OivhJg to their 
unusual position in the 
upper parts of the lung, 
the cavities drain rela- 
tively ell; incidental 
blocking of the drain- 
ing bronchus seems to 
occur but rarely ; so 
tJmt fluid-levels may be 
absent or inconspicuous 
at the time of examina- 
tion. A very careful 
inspection of the lower 
contour of the cavity 
uill, honever, often 
detect a alight flatten- 
ing of this contour, due to a small layer of fluid, and tins meniscus Avill remain 
horizontal wliUe the patient is inclined to one aide. 

Differential Diagnosis of Cavitation. — ^The following conditions 
should be borne in mind : 

(1) Emphysema in a fibrotic tuberculous area. 



Fic l‘J3 — Tuberculosis with cavity right apex Note 
shallow lajcr of fluid w cavity F 34 S^tnptomsp&roxjanial 
attacks of coughmf! following influenza IJ ^eara previously 
Sputum positive 
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(2) Emj)liysematous buUaj. It has been demonstrated that bnllous sub- 
pleural emphysema ■will giA’-e rise to ca -pity-like shadoAvs. A rather similar 
appearance of lobulated thin-AA^alled caAdties occm’s in one form of congenital 
cystic disease of the Imig ; this condition is distinguishable by the thinness 
and delicacy of the septa. 

(3) There are numerous conditions giving rise to caA^ity formation AAdiich 
may on occasion need to be differentiated from tuberculous disease. Mention 
may be made of (1) abscess ; (2) cavernous tyj)es of pulmonary neoplasm ; 
(3) ruptmed hydatid cyst ; (4) solitary congenital lung ej^st. 

Cavities may sometimes be simulated, particularly in the right hilar 
region, by trunk shadoAA's udiich have roughly circular distribution. Re- 
examination Avith the patient tmmed to a different angle aaIII usually make the 
distinction clear. 

Looaltsed Rxeumothorax. — ^T he suggestion entertained formerly that 
many so-called cavities u'ere localised pneumothoraces has ahnost received 
its quietus as a result of the extended use of therapeutic pneumothorax, AA'hich 
in nearly every instance sIioaa's that the ring shadoAA" is situated AAdthin the 
coUapsed lung. Cases of difficulty do, hoAA^ever, arise at the extreme ajjex. It 
is possible for a localised pneumothorax to form at the apex Avhicli can be 
distinguished only AA’ith difficulty or not at all from an extensfre caAdty. Li 
one case observed by the Avriter, of bilateral spontaneous apical pneumothorax, 
the diagnosis rested upon (a) the absence of any apical cap of thickening over 
the translucent area; (6) its -shape, AA’hich Avas not rounded, but bounded 
beloAV by flattened lung ; (c) the presence in the Imig beloAV the xmeumothorax 
of the -trimks of supply of the Avhole apex, condensed and flattened by the 
presence of the afr in the pnemnothorax cavity. • , - i 


DIFFERENTIAL DIAGNOSIS OF TUBERCULOSIS OF THE LUNGS 

Stkeptococcal OB IXFLXJEXZAii PuLMOXABY IxEECTioxs may simulate 
tuberculosis. These may be acute or chronic, and the differentiation from 
I)hthisis is made, as a rxile. by the site of the lesion. The basal lesion Avith free 
apex should be considered nou-tuberculous unless the sputum is positive for 
tubercle bacilli, or the X-ray picture sIigaa'-s sometliing characteristic of tuber- 
culosis. Basal tuberculosis is comparatfrely rare. 

BROKcmEOXAsrs may clinically be easity mistaken for tuberculosis, parti- 
cularly if there is hsemoptysis, AAffiich is often present in the bionchiectatic 
patient. But in phthisical patients tubercle bacilli and elastic fibres are almost 
abvays found when the sputum is profuse, and patients Avith large tuberculous 
caAuties are usually febrile and cachectic. Radiologically the localisation of a 
tuberculous lesion in the upper lobe and the bronchiectatic in the loAver or 
middle lobe is a most important distinguishing feature. The distinction can 
usually be made by lipiodol. 
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Lung Abscess. — ^T liis can usually be diflerentiated from tuberculo«ii. by 
consideration of the liistory, abscess beginning with an attack of aspiration 
pneumonia verj’ frequently afler operation on the moutli or following some 



Fio HU — Pulmonary tubereulonw with csMtation loft upper lobe. F 40 Admitted to 
Nunatoriuin four irumtSu iireMousU Sputum po-iitixe 

septic disease, e g appendicitis Tlte sputum is usually brownish and foul. 
Hremoptysis may occur. 

Neoplasm. — The age of incidence of cancer of the lung, w hich is very rare 
under 35, is the principal distinguisliing feature. In carcinoma of the bronchus 
the first symptoms usually occur after 40. Cknigh, pain, dysi>ncea, and signs of 
cachexia are the principal clinical signs. The raiological findings are as a 
rule distinctive , collapse of a large portion of the lung with hilar enlargement 
and sometimes pleural effusion. There are, however, occasionally found cases 
of senile tuberculosis, particularly of the right upi>er lobe, with fibrotic collapse 
of the lobe and homogeneous shadowing, whidi are difficult to dilferentiate. 



TUBERCULOSIS OF THE LUKGS 


295 


In carcinoma, the greatest opacitj' is ■usuall3’- in the region nearest the hilmn, 
bemg caused by the gro'ndh and the atelectasis, while the peiipheral region of 
the lung is less opaque (atelectasis or partial atelectasis only). In tuberculosis 
the principal opacity is more often j)eripheral. and the peripheral opacity is less 
homogeneous. 

Actikomycosis. — This is usuall3' in the lon'er or middle lobe, but if occur- 
ring in the upper lobe may be quite indisguishable from tubercidosis, rmles^'" 
ra3’' fungus is present in the sputxuu. 

InpjxtiojsS \vith Strbptotilrix and b3’' BROXCHO-SPiROCHiCTOSis pro- 
duce symptoms similar to tuberculosis, and can only be cbstingxiished 
ba cteriologi call3^ 

SypinnTS of the limg is rare, and is nsuallv' in the lower or middle lobe, apex 
remaining practicall3’^ free. The Wassermann reaction 0133’- help, but is fi’e- 
quently positive in tuberculosis. Moreover, the two diseases may be con- 
current. The therapeutic test by administration of anti-s3q3hilitic remedies 
may be the only distingiushing feature. 

Differential Diagnosis of the Assmann Focus 

The sharpl3'' defined Assmaim focus (see p. 299 ) ma3'^ closely resemble 
( 1 ) a primary or metastatic tumour : ( 2 ) abscess ; ( 3 ) infarct ; ( 4 ) S3q)hilis 
(gumma) ; ( 5 ) actmom3xosis ; (C) C3^st. 

In rare instances, localised romided bronchopneumonic patches occur in 
.‘'imilar situations in influenza, but they are usuall3^ less sharply contoured, and 
clear up more rapidly, Assmann emphasises that the tuberculous eetiolog3’ 
cannot be safety assumed in the presence of an “ Assmann focus. 

Kerley draws attention to rounded shadows which may be apical, closely 
simulating an Assmann’s focus in thrombo -phlebitis migrans. The patient, 
suffering from j)lilebitis of veins of the legs, develops pain in the chest and 
slight dyspnoea, with sudden pyrexia. The radiogi'am reveals the apiiearances 
ah’eady mentioned, which usually clear up rapidly in a few weeks. Their 
rapidity of evolution tends to distinguish them fr’om tuberculous lesions. 

A rounded shadow, non-pulsating, due to dilatation of a jmlraonary vein, 
is described by Jacchia ; another due to aneurysm of the pulmonary artery by 
Liidin. Multiple pulmonary aneurysms rna3’' occur. 

Seth Hirsch forrrrd mrrltiple round shadows in potycythasmia vera. These 
are often trarrsient and may disappear in three weeks. The pathology is 
obscure, but he believes them to be due to subpleural tlrrombi, or small 
harmorrhages. 

a 

It must be emphasised that the Assmanir’s round focus is a comparatively 
rare finding — and that the more chrorric rounded tuberculous foci are also rare. 
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TUBERCULOSIS IN ADULTS 


GENERAL 

Tub onset of tuberculosis is relatively infrequent in adults after the age of 25. 
Habbe, Brou'n, and Sampson believe that chronic pulmonary tuberculosis very 
tardy develops in individuals who had tadiologically normal lungs at the age 
of about 25. From puberty to 25 is the age of most frequent incidence ; 
children occasionally show lesions of the adult type. The trend of modern 
thought is touards the acceptance of the view that tuberculosis in the adult is 
usually a reinfection of an individual who has been previously infected in 
childhood and many believe that such childhooil infection is almost tuiiversal 
under civilised conditions. There is a good deal of evidence that adult rein- 
fection is also extremely common, since in the great majority of adults (over 
00. per cent according to AscJtoJf) there is present, in addition to the primary 
focus, another lesion m the lungs, u Inch may later take the fonn of a subpleurnl 
scar, hard and often calcifying, or a calcareous lesion embedded in the lung 
(PuW, FocAe. Loeschkt). It is disputed whether the onset of “ adult " tuber- 
culosis IS the result of a now exogenous infection or an endogenous infection 
from bacilli shut up in a focus acqmred in childhood, It seems certain that the 
manifestations of the disease in adult tyjie liave been modified profoundly by a 
previous cl'ildhood infection. As regards the fbfTerence between adult and 
cluldhood tuberculosis, certain i>omts stand out clearly : 

(1) The apical (upper lobe or apex of lower lobe) involvement in adults 
contrasted with children, in wlioni the first lung lesions may he anjTihere, and 
is often basal. 

(2) The non-mvolvement of bronchial and mediastinal glands in the adult 
contrasted with its great frequency in childhood 

(3) The relatively chronic contse m adults as compared with children. 

(4) The relatively “ typical ” nitbologtcal appearances in adults, in whom 
the diagnosis is usually easy. In children the disease may he quite indistin- 
guishable from infective lesions of other etiology. 

EARLY APICAL TUBERCULOSIS 

The first lesions of adult tuberculous infection are founil most frequently 
in the suhclavicuJar region. The lesion is not, aa a rule, on the anterior aspect, 
hut in the dorsal subapical region of the upper lobe {Assmarui), and its deep 
situation may be proved by suitable means. The writer has devised for this 
398 
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purpose a modified lateral view of the apices described earlier in this section. 
This infraclavicular region must be scrutinised with particular care, since the 
shadows of an early lesion may be delicate and limited in extent. It is not the 
exclusive site of origin. Other less frequent 
sites are indicated diagrammaticalty below 
{Havdek). 

In two cases the writer has seen isolated 
tuberculous lesions at the base situated in 
the lower lobe and spreading along the 
main fissme. It is important to note that in 
one of these the lesion showed no evidence 
whatever in the plain postero -anterior film, 
but was readily sho^vn in the hollow-back 
film and just visible in the lateral. 

Associations with Diabetes. — A florid 
pneumonic type of tuberculosis occm’s in 
diabetics. The middle regions of the lung 
tend to be affected chiefly, and the 
“ scissural ” type, extending outward in 
the base of the right upper lobe, appears 
to be common. Cavitation is frequent. 

Radiological Appearances. — ^Various types occur : 

(1) IhiE Fae-'SHAped Lesion. — A. delicate shadow of triangular shape vith 
its base at the periphery and its apex directed towax’ds the hilum is a common 




Fio. 195. — Diagram ; Some common 
site^? of origin of ndulf tuberculosis : 
infinclaviculnr, base of right upper 
lobo, apices of lou or lobes, and lingual 
tip of loft upper lobe (relatively _i Are). 


Fig. 19(1. — ^Eaily tuberculosis, left apex. 

finding. The shadow has been called “ Dunham’s fan.” The fan shape is not 
distinctive of tuberculosis, but is a common feature of many diseases affecting 
an area of parenchjuna through the bronchial or vascular supply. The lesion 
is cone-shaped rather than fan-shaped ; this shajie is inherent in the arboreal 
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atnietiire of the lung and is a fnmiliar sight in nature in trees and plants, wlien- 
ever a bough, biancli, or twig is damaged or penncatcd by disease. The 
tnangle is an axial section of the cone. Should the axis of the cone be directed 
in the line of the rays, the shado-n will l»e approximately eircnilar. If it has an 



Fia 107 — Enrtv pulmoiiArv left apes. 



Fjo 19S — Tubereulouw nght upper lobe Lateral vib'v. Posterior apical segment 
31 27 in\ol\e<i Kotp limitation by oblique mfer- 

lobe 

intermediate direction tlie shadow will approximate in shape to other sections 
of the cone (ellipse, parabola). The structure of the shadow raries. It may 
be homogeneous, if the lesion is seen in a stage of “ infiltration,” or broken up 
into delicate nodules with intenrening strands if productive changes predom- 
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inate. The forraer is the rule in veiy early lesions . Clinically fever and inalaise 
are often present, and the symptoms of onset may frequently he those of an 
influenza or feverish cold. In other eases t)ie onset may be insidious. The 
early lesion may develop in a few days to a quite extensive patch of shadow. 

(2) Roitkded Eocns.—About twelve years ago, Assmaim found, in a 
series of doctors and nurses, early lesions in the lateral iuftaelavicular region, 







Fig. 199. — ^Pulmonary tuberculosis. .4ssiifanrj’s focus in right infraclavicular region. Sputum. 

positive. 


representing the acute or subacute initial stage of tuberculous infection. 
Most of the patients were in the third decade of life. The racHogram showed 
rmmd homogeneous shadows in the dorsal subapical region, varying , hi size 
from a halfpenny to half a crown, which were sometimes blurred at the edges; 
sometimes sharply defined. In other cases there was a more or less diffuse 
loss of translucehcy gradually fading off into the lung field (iienfocal; : 
infiltration). Other tiites are the apex of the lower lobe or the paravertebral 
region. Tlie anatomical basis is a localised tuberculous pneumonia (exudative^, 
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lesion) ^nth a marked tendency to central caseation, ^'hicli may lead to tlie 
rapid production, of an early cavity, 

(3) Discrete SIotteu^cs . — Wesuler and Jaches described groups of small 
round mottlings betAvocn the clavicles in early cases. This is a which 
is not uncommonly observed. It should be emphasised that these first 
infections are not often seen in tlieir earliest stages, nor is it usual to find very 
small lesions or first infections. Most of the cases present, at first e.ramination, 
evidence of rather extensive involvement. It is unusual to fijid the involved 
area smaller than a florin, and, below this sire, the smaller the lesion, the less 
likely is it to be “ early.” 

The SupRACLAVicuLAic Apical Lesion*.— A first infection may occur above 
the clavTclc, but this is rare. Most of the supraclavicular apical lesions 
arc older, and many are residual. Residual changes at the ape.x take the 
follomng forms : 

(1) Thickening of tho pleura over the apex (pleural cap — Van Zirahi- 
wenbiirt)). 

(2) Crenation of the apical border of the lung ; the summit of tlie lung is 
puckered, and fibrous strands <lip downwards into the lung, sometimes ter- 
minating in a faint " flare ” of shadow which is usually due to pleural and 
Bubpleural thickening. These appearances nearly always go liand In band 
witli retraction of the apc.x 

(3) Simon’s foci. Small rounded or irregular, sharply defined, and some- 
times calcified spots in the supraclavicular apex. Some of these result from 
rests of a pievious puerile attack with limmatogcnous spread ; others repre- 
sent healed infraclaviculnr lesions which have been pulled upwards into the 
supraclavicular field by fibrosis at the ajxj.x. These lesions me almost 
invariably of old tuberculous oriem. and if carefully observed over a 
considerable time rarely alter or Iwcome reactivated. Frcsli le.sions may, 
however; develop elscwlieio cither in the same lung or at a distance. 

Further Progress of “ Early ” Lesion : Adult Type 

The lesion may, in rare instances, clear up rapidly and in a short time fail 
to show any trace of its luesence. In other cases there is a healing by sear 
tissue, and calcification of tho central focus. Tho scarring leads to a dense 
fibrotic focus, or tlie fhse,as,e may extend locally. More often the disease 
progresses with cavity formation and the production of no\v foci in the 
neighbourhood or elsewhere by aspiration. The secondary infiltration ehe- 
wliere in tlie lung tends to afiect the lung adjoining interlobar fissuies (scissural 
form) Triangular, eone-.shaped, or pyramidal lesions occur witli considerable 
frequency. Each fresh implantation may be accompanied, as Ilavdek has 
pointed out, by fresh symptoms. Tlie spread of tuberculosis, as studied radio- 
graphically, contradicts the old ideas of a steady insidious spread from apex 
downwards. Rather docs it appear to extend by a series of catastrophes 




'Fig. 20015. — Same case nine months later. Extension of the diseased area. A shadow com- 
posed of numeiows fine strands now connecter the tnfiaclavicular focus with the hiiuin. (JBeri- 
hronchml tuberculous lymphangitis.) Sputum positive. 



Fla. 201 — PulmoDftty tuberculows 

— in tJie upper lobes ; frequently there are showers of bronchopneumonic 
lesions at the bases, which may in turn show evidence of healing, fibrosis, 
or calcification. 
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In unfavouraWe cases tlie lesions may extend rapidly, producing a large 
area of pneumonic infiltration wliich is only distinguishable from a pneumonic 
shadow by its more mottled density. 

Differential diagnosis of tuberculobis of the luugs from pneumonia of 
influenzal origin is sometimes impossible without repeated observation. 

- EXTENSIVE TUBERCULOSIS 

■i 

Mainly Productive Type (Nodular Form) 

fl'he great niajority of patients giving positive radiological findings of 
tuberculosis of the lungs have lesions of considerable extent; This applies also 
to cases wliich are cfinicalty earlj\ or merely suspicious,” and to many’^ 
patients in whom the discovery of the cbsease is accidental. Of these latent 
cases the majority show lesions mainly of the productive ty’pe : that is, in the 
form of small nodulations seijarated’ by areas of translucent limg tissue, often 
^vith strands of fibrosis leading fi’om the lesion to the hilimi and also per- 
meating the lesion. It is this fact which gives rise to the impression, in part 
justified, that this type of lesion is more benign. It is, however, true that some 
patients with productive ” lesions are seriously ill, and no very definite 
deductions can be dravri from the radiological appearances. In general this 
type runs a chronic course. Cavities may be present in the diseased area. 
Their appeal ance has already been discussed. 

Mainly Exudative Type 

A predominance of woolly, ill-defined, liomogeneous dense areas of shadow 
denotes the presence of exudative lobular pneumonia, a special form of 
bronchopneumonic inflammatory’- process in which raany^ adjacent lobules are 
involved at the same time. The foci are multiple, and the shadows coalesce, 
sometimes by overlapiiing, sometimes by’ direct continuity’. The tendency to 
cavitation in these areas, and the relative ab.sence of protective fibrous tissue 
reaction around the foci, as well as the fact that large areas of lung are usually" 
affected, give to this ty^pe of disease a serious prognostic significance. 

Course. — ^The lesions may’ coalesce, and involve the greater part of a lobe. 
Caseation and cavitation are common. The lesions are not. however, always 
caseous, but may be of a gelatinous nature capable of complete absorption. 

Lobar Type 

Essentially this is the same as that first described, but involves a whole lobe, 
or the greater part of it. The right tipper lobe is most often involved. The 
alveoli are filled with exudate, and little air enters the lobe. There is frequently 
evidence of partial alelectasis, vdth displacement of the interlobar fissure 
towards the affected lobe. 

Barjon long ago pointed out the frequency vith which this tyqie is found in 
the neighbourhood of the interlobar fissures, and this has been commented upon 
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by other %mters {Fleischner, Ilandek). A favourite site is the interlobar 
fissure between upper and middle lobes, tho disease occupying the loirerpatt 
of tiie upper lobe, anteriorly. Involvement of the posterior i)art of tbe right 
upper lobe, Imnted below by tbe upper part of the maiii interlobar fissure, may 



Fig 20i . — Ctivemo caseoiH 1ubcrculo<M. Typical p'cudativo ImIohs. F. 19. Seven 
diabetes melhtui Recmt syntptoini of active phthiiis. 


also occur, or in other cases the lateral view may shotv both regions to be 
infiltrated by the disease. 

Atelectasis 

Tl’e^ tennarl-, in a paper read before the IVth International Congress of Radio- 
logy' in Zurich, 1934, showed that atelectasis is a common comph'cation of 
tuberculosis of the lungs, and if this element is looked for in the radiogram, 
it u-ill frequently be found. 
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jections lipiodol and ratHograms coini«ire(l carefully with the dissections 
in some twenty necropsies on tuberculous patients showe<l that the bronchi 
were occluded in the diseased areas of lung, except where tliey communicated 
with cavities. The occlusion was due to pus, caseous necrotic granulation 
tissue, or both. Granulation tissue predominated in the more chronic cases 



Fici 204. — Tuberculosis, right apex Caseou.< with caritation Acute tuberculous broncho- 
pneumonia at loft hnso. 


The process is a tuberculous ulcerative bioiichitis. When the affected bronchi 
were opened, their branches ueie found to be similarly occluded. 

(c) A third cause of atelectasis is pressure on the bronchi by enlarged hilar 
glands. This is usually of Avide extent, but may involve only one lobe or a 
part of a lobe. It is commonest in children. 

TJie atelectases have certain conunon sites — namely in the anterior and 


TUBERCULOSIS IN ADULTS 


307 


posterior basal regions of the right upper lobe. In the lateral view these show 
as wedges of shadow; with their apices at the hilum and then.* bases directed 
to the periphery. Their appearance is strildng. The interlobar fissure is 
curved towards the collapsed region. 

Westennarh has shovui that if an effusion exists, the presence of the 
atelectasis may affect the shape of the shadow of the effusion ; the upper 
border is higher on the medial than -the lateral side, so that the slope of the 
upper border ,of the effusion is dovmwards and outwards, reversing the 
usual appearance. 

Fresh exudative tuberculous changes are often associated with large or 
small patches of atelectasis. Chronic fibrous tuberculosis, vdth contraction of 
the fibrous tissue and ifieural thickening, may give similar appearances, but 
the shadow is less homogeneous and less dense. It is unknown whether the 
effect of Riis form of atelectasis is favourable to the patient or not, Slrievel- 
niami suggests that it acts protectivety, while cskrmarh considers it may 
favour the formation of bronchiectasis and cavitation, and therefore should be 
treated by artificial pneumothorax. 

It would appear to the vTiter that the combined result of the atelectasis and 
bronchial obstruction, bj"^ preventing the ebb .and flow of air tlirough the 
diseased atelectatic area in breathing and coughing, and bj'^ limiting the output 
of purulent secretion, would on the whole .tend to limit the spread of infection 
through the bronchi to other regions of the lung : and, moreover, that it would 
favour healing by setting a diseased portion of the lung at rest. According to 
Ilavmu and Pesqiie, if it occurs in' a lobe wMcli contains cavities, it favours 
cicatrisation and cure. If it occurs in another lobe, it increases the negative 
pleural pressure and may aggravate the disease in the affected Jobe. 

This is borne out by the expeiimental. work of Adams and Yon^ald. After 
occlusion of a bronchus by cauterisation, they injected active tubercle baeilh : 
fewer lesions developed in the coll apsedt lobe than elsewhere in the lung, and 
these lesions failed to progress and often healed in the collapsed lobe, though 
active in the aerated portion of the hurg. The}’’ conHuded that atelectasis of 
pulmonary tissue exercised a favourable, effect oji exj)erimental irulmonary 
tuberculosis in dogs. 

Sokol and Eloesser have also drawn attention to massive atelectasis occur- 
ring as aji acute or subacute febrile complication of tuberculosis. 

Fibroid (Indurative) Tuberculosis 

Healing of tuberculous lesions takes place by the formation of fibrous 
tissue ; fibrosis is never an initial lesion, but must always follow or coexist rvith 
the other forms, and is especially frequent in the “ productive t3’pe,'’ in winch 
granulation tissue is formed at the outset. The fibrosis tends to surround and 
encapsule the healing lesion, and to prevent direct extension to neighbouring 
lung tissue. It further rests the diseased limg by diminishing its volume. 
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/Radiological Appearances 

Individual foci \\lien fibrotic, become smaller and more hharply defined. 
If extensive, the lesion is broken up by strands wliich have a radiating pattern 
and tend to conveige towards the hilum, to which they are often fixed by 
strands of peribroncliitic thickening. Bronchial dilatations may result from 
tiaction on the bronchial walls and may simulate true cavities. The tendency 
to progressive contraction throughout the fibrotic area causes a marked diminu- 
tion in si?e of tlie lobe. This pulls on the fibrous peribroncliitic strands lead- 
ing to tho liilum, M'liich are usually straightened out, like taut wires. If a 
large jiart of a lobe is involved, it shrinks to a fraction of its former size. The 
ahole upper lobe may tliua come to occupy a small triangular area at one apex. 
This traction effect upon the trachea Is often conspicuous. The trachea is 
pulled from the midline and arches towanls the lesion, often u'itli nell-marked 
angulation. The upward pull upon the hilar structures raises them and the 
branches of tiie pulmonary vessels, and the bronchi raebate from a point much 
higher than usual — occasionally, in extreme cases, from a point just below the 
sterno-clavicular joint. They descend almost vertically from this point (Figs. 
188, 189). The uniter has also noted a disassociation as a result of this pull 
of pubnonatj’ arteries from the bronchi, so that the branches of the artery 
show an exceptionally clear pure vascular pattern. Tlic effect of tho traction 
reaches ns far as the diaphragm, which shows tenting and diminution of move' 
ment. Lateral views show involvement of the interlobar pleura, in tho form 
of sclerotic dense lines, with great frequency. An appearance which is some- 
times puzzling is that wliich results from the compensatory emphysema of the 
opposite lung in cases of complete unilateral fibrosis. A ballooning of the 
mediastinum occurs towanls the fibrosed side. This ballooning does not 
occur at tlie posterior mediastinal “ weak spot,” but is anterior. The anterior 
edge of the nonnal lung comes across tho midline and invades the opaque side, 
where it is seen as a soft transluccncy, with a well-defined convex border. 
In the lateral view it is manifest that tlie heart is displaced backwards and 
separated from the sternum by tho emphysematous opposite lung. A 
similar appearance is seen in cases of non-tuberculous fibrosis. 

Massive fibrosis of tlie whole lung may occur as an end -result of tuberculosis, 
leading to complete unilateral obscurity. The heart is often pulled entirely 
to the affected side, leaving the edge of the spine uncovered. The opacity is 
most marked towards the base, aud is largely due to the displaced heart- 
Considerable tliickening of the pleura and elevation and irregularity of the 
diaphragm are usually present. The intercostal spaces are narrowed, and the 
capacity of the hemithorax diminished. The condition may be mistaken for 
bronchial carcinoma causing complete atelectasis. 

Tlio cesophagus is often considerably displaced by the fibrosis, and dysphagia 
may result, as occurred in the case illustrated in Fig. 163. A similar case has 
also been reported by Doiff. 



CHAPTER XXVm 
TUBERCULOSIS IN CHILDHOOD 

An attempt to classify the radiographic appearances of a disease sho%ving such 
protean forms as does tuberculosis of the lungs is only justified xmder certain 
limitations. It is necessary to make this attempt in order to simplify the 
description of those forms Avhich recur with sxifficient regularity to constitute 
easily recognisable groups, and to present a coherent picture of the disease as 
the radiologist sees it. 

The limitations have already been touched upon, and arise mainly from two 
factors — ^namely the frequent admixture of different types in the same case, 
and the very imperfect correlation which is possible at the present day between 
radiological appearances and chnical manifestations. 

PRIMARY TUBERCULOSIS 

The appearances seen in young children differ from those seen in adults. 
The primarj’’ lesion hi early childhood may be anj^^diere in the lung and so small 
as to pass unrecognised in the film. McPhedran has shown that a tuberculous 
focus of 1|— 2 mm. diameter can be shomi on a film, but its time nature could 
not be recognised, and so small a focus might easily be hidden behind the heart 
or confused with a normal hmg marlting. There is typically an enlargement 
of the hilar glands, often massive, -which dominates the pictme. Often the 
inflammatory'’ reaction around the primaiy focus or near the hilum is also 
massive, producing a •widespread shadow'. Tliis reaction hi the glands hi the 
drainage area of the infection, spreading to neighbourhig glands, is the tyqiical 
feature of tuberculous infection in liitherto uninfected individuals, and occm-s 
almost exclusively in yoimg children. 

Pathology 

Tubercle bacilli gain access to the lung tissue in most cases through the 
bronchi. The primary lodgement, wdiich may be anywliere in the lung, 
and is frequently basal, gives rise to a primary alveolitis (primary focus). 
Numerous tubercle bacilli are present, quickly surrounded by a wall of small 
round lyunphoid cells. The centre has a pronoimced tendency to caseatioU. 
There is a rapid tendency to healing by formation of a fibrous capsule and 
often calcification. 

Primaby Initltration. — In the lung tissue outside the AvaU, the alveoli 
are sometimes filled with an albuminous exudate contahiing “ exudate cells,’,h 
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with a few small, BOmew hat eccentric nuclei. Tlie size of tliis perifocal zone 
Taries. This is the “ primary infiltration " (Redtler). The disease may either 
heal or extend If healing takes place, the prinmry focus is surrounded hy 
granulation tissue and finally encapsulated. It becomes rounded, and may 



Fjo. 20.5 — Pulmonary tuberculosis. Child aged 7. Caseous bronchial glands, w ith numerous 
miliary and peribronchial foci. On the outer aspect of tlie upper lobe is an older caseous lesion, 
possiblv the primary focus. Death from graeralised miliary tuberculosis. 

calcify later. It often disappears mthout leaving a trace in the radiogram. 
The primary' infiltration then becomes completely absorbed. 

The tuberculous process extends to the lyrapliatics : tubercles may ari.se m 
the lymphatics leading to the hilum. This tuberculous lyunpbangitis may heal 
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if the primary focus heals, leaving for a time a fibrous perilymphatic tliickening. 
The tubercle bacilli, on reachmg the hilar glands, set up a txiherculous adenitis, 
which is severe. Caseation usually occiu-s. and healing takes longer than in the 
case of tlie primary lesions in the lung. The j’ounger the child, the more exten- 



Fjg. 206. — Caseous tuberculous bionchopncninoma in childhood. Numerous cas-cous foci 
surrounded b5' groyisli translucent granulation tissue. Intervening lung congested and solid ivith 
bronchopneumonia. Death fiom geneialised miharj>^ tuberculosis, 

sive, as a rule, the glandular reaction and swelling. The glands may form con- 
siderable tumotir masses, and if the infection is severe, a periadenitis is also 
present, most marked in the hilar region, wliich may extend to interstitial 
issue, alveoli, or pleura, particularly the interlobar pletwa. * 
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On rare occasions it Iiappens tliat the primary focus does not heal by 
granulation, but is surroundcil by fresh foci by extension, and mav tiins extend 





Fio 207 — Pulmonarj tuberculosis with 
bronchietasis In the loner lobe there ts 
<iisAT\Vn,rtv«m ©t X-abwe V ro 
tile affected bronchioles are becDmmjt bronchi- 
ectatic The upper lobe la hone^rombed with 
larger bronchiecfatic cavities, apparently of 


till it reaches the size of a pea, or 
even of an orange. It may soften, 
and cavitate (primary cavity). The 
cavity is at first fuzzy and irregular 
in shape ; later round, and may give 
rise to bronchopneumonic or miliary 
foci, or an immediate progressive 
phthisis. 

Ranke's Classification 

Ihinle attempted to divide the 
course of tuberculosis into three 
stages by analogy witli syphilis He 
tliflercntiates the stages as follows : 

(1) TJic initial pulmonary focus, 
constituting, together vwth the 
glands, the “ primary complcs." 

(2) Tlic secondary stage of 
gonerolisation with development of 
hypoivensitiveness and ha?iuato* 
genous spread (miliary tuberculosis), 

(3) A tertiary stage with high 
Imnnnuty and isolated tuberculosis 
m tlie lung (adult ty^ie). 

Thk Primary Cosiplkv.— T he 
jiathological nature and development 
of this have just been described. 

The Secondary Stage. — ^T he 
bacilli may reach the blood-stream 
cither from the lung lesion or more 
often from the lymph nodes, and 
general infection occurs, most com- 
monly in childhood. In its severest 
form this is a miliary tuberculosis 
of tiie classical type ; in its less 
severe form there are transitory’ 


similar origin. From a clulti, aged 1 >ear periods of fever witii lesions scat- 

tered throughout the bod}'. This 
form of tuberculosis occurs in somewhat older children. The lesions m the 


lung are mostly exudative , the lymph nodes may react, and caseation and 
extensive perifocal inflammation take place. In this stage the tuberculin 
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reaction is, according to Ea7iJce, strongly positive. The hsematogenous 
form is not ahva 3 '^s fatal. Much more often disseminate lesions in bone, 
joints, etc., become chronic and develop mto tertiary'- tuberculosis of the 
affected organ. , 

The Tertiaey Stage.^ — ^I ndividuals who survive the primary and secondary 
stages, i.e. the vast majority of infected people, enter the tertiary stage, wliich 
is characterised bj^ (1) relative immunity ; (2) isolated lesions in a single organ, 
usuaUj' the lung ; (3) a productive reaction with granulation tissue and tubercle 
formation, with little tendencj'^ to the non-specific inflammatory reaction 
known as “ epituberculosis ” ; (4) little tendency’- to involvement of the' 
Ijanph nodes. If there are hacmatogenous metastases, they rarely progress, but 
direct spread to other organs — e.g. larjmx and mtestines — is common, and miliary 
tuberculosis may occur as a terminal event. (5) Sensitiveness to tuberculous 
toxin is decreased, and in spite of the presence of extensive pulmonary lesions 
with positive sputa, many of the patients show little in the way of toxic 
, symptoms. The cutaneous reaction to tuberculin is often mild in chronic 
pulmonary tuberculosis cases. 

In criticism of EmiJce's classification, Fisliberg points out that there are 
numerous limitations of it.s firll acceptance. Often the secondary stage 'cannot 
be recognised, and the distinction between the secondary and tertiar}'- mani- 
festations is, as in the case of 83 ^ 0 ^ 118 . not alwa 3 's practically or even theoreti- 
calty possible. Many observers believe, therefore, that onh’’ Ranke's fii-st stage, 
the “ primary complex.’’ consisting of a primary focus and glands, is a clearly 
delimited entity. 

The idea that the primary infection in clnldren occurred in the lung paren- 
ch 3 TOa and that the bronchial and tracheal glands were infected from it is an old 
one. It was announced by Parrot in 1876, who enunciated the rule (ParTot’s 
law) that m the child every infection would also affect the glands and that 
enlarged glands necessaril 3 ' implied focal infection. Patrol also found the 
primary lesion in autoxrsies. This work was corrfirmed by Kihs, who stated 
that inhalation of tuberculous bacilli causes a lesion iir childhood similar to that 
produced by subcutaneous inoculation of tuberculosis in guinea-pigs, this form 
of tuberculosis being at first characterised b 3 '' a small subplertral tubercle, almost 
irrvariabl 3 '‘ accompanied by infection of its bronchial tymphatic glands. Kiiss 
found the primary lung focus to be more abundant in the lower lobes. Albrecht, 
from the large material comprising 1,060 autoirsies of tuberculous children, 
confirmed this. 

This x>revious work was brought to notice b 3 ’' Anion GJion in 1916, who made 
a detailed study of the subject from hi.s own post-mortcn material. He 
showed .that the lung focus rvas nearly always single, ofterr small, and that the 
glandular* enlargement of the hilar and tracheo-bronchial region corresponded 
rvith the lesion. For, in the upxrer lobe lesions, the mjaper hilar and bronchial 
glands were enlarged ; in lower and middle lobe lesions, the lower Irilar and 
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broncliial glands were enlarged. He differed from Kilss in 'finding that the 
upper lobes were more often affected than the lower and the right upper most 
frequently of all. The radiological evidence of these facts is frequently forth- 
eomuig in the form of a calcified focus situated perii»herally in a lobe (Chon's 
focus) uith calcification of the conesponding hilar glands. Hi recent j'ears 



Fig 210. — Calcified tubci culous mas*! iti right low'ei lobo, F. 29. Undci observation Tor four- 
teen jeai-. Appearances unchanged. Xo sjmptoms 'duiing this peiiod 

Opie has increased our knowledge of the primary lesioniby post-mortem radio- 
graphic study of the lungs. 

Clinically the primary lesion in cliildren may show different forms. The 
common complexes are the follo^ving [C. H. SmiiJi ) : 

(1) Extensive tracheo-bronchial glandular enlargement in infants udth 

fever, failure to gain tveight. RadiologicaUy widening of the upper mediastinal 
shadow, with bulging contours and occasionally^ obstruction of a bronchus from 
pressme of the gland. ' 

(2) Marasmic tv'pe. Small infants, emaciated, with irregular tempc 
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Routine X-ray examination may reveal definite tuberculosia'in the Ijinph- 
nodes, disseminated lung lesions, or even cavities. Prognosis is bad. 

(3) Pneumonic type. History of fever, i)rostration, and cough, and clinical 
signs suggesting consolidation or btoncliial pneumonia. X-ray examination 
shou s mottled shadows over part or all of the lung fields (disseminate broncho- 
pneumonic type) or massive consolidation like lobar pneumonia. In the latter 



Fio 21 1. — Pmnary tuberculosa m childhooiL 


case, only the long course, cavitation, or tuberculous bacilli in the sputum, 
establishes the diagnosis. Recovery is exceptional in this type. 

(4) Cases suspected of tuberculosis from the outset and often tvith tuberai- 
lous meningitis, wliich may be terminal or a first clinical manifestation. 

X-ray Appearances of the Primary Complex (Focus and Infiltration) 

The shadow of the primary infiltration is at first homogeneous and soft, 
with ill-defined edges “lilie a mirror which has been breathed upon.” K it 
subsides, the primary focus may be discerned xvithui it, “ emerging libe n niotin- 
tarn peak from mist.” The larger lesions may show a netbke stnicture during 
regression (“induration field”). Gradually the surrounding infiltration 
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disappears, leaving pnly tlio focus behind. . These more extensive lesions may 
])<ave a lobar distribution, and exactly resemble pneumonia ; Jbut whereas 
pneumonia clears up rapidly, the tuberculous infiltration ddes so sloaly, and 
may remain unchanged for montlis. The shadows are frequently triangalat, 
Avitli their base at the pcripheiy', apex towards the liilum. A very choraeterisfic 
picture is produced by tlie existence at the same time of a primary lung lesion 
and the infected hilar glands and surrouncling periadenitia. . Tin’s has been 
called the “ bipolar stage.” It consists of two slintlows, one in tJie lung field 
and one in the hilum, connccteil by a narrow band of increased density, both 
triangular with their apices opposed. The hilar triangle may e.xist alone, if the 
parenclijTuatous lesion is small or has cleared up (Sltika's triangle). 

Primary infiltrations which la.st for more tJian a year form large caseoua 
foci and usually leave behind n calcification of considerable size. Many primary 
foci occur in situations where they arc hidden and never come to light in tbf 
radiogram. As a rule only one pcimaty focus is present ; more than one occui 
only in 4-62 per cent, of all cases. Progres-sion of the primary focus is slimni 
radiographically by increase in size, or apiicarance of cavitation, uhich occun 
in 25-30 per cent, of infants with this disease. After cavities liave formed, f 
primary phthisis follows. Patchy shadows appear around the cadty, due tc 
caseous foci, whicli may rapidly extend to fonn a caseous pneumonia, of lobai 
bronchopneuinonic type. 

Tuberculous Bronchial Glands 

In the first decade 30-40 per cent, of elnldren show a positive' Von Pirque' 
reaction. The tubercle bacilli are in these cases nearly nluaj’s present in tin 
periliilar gland4. The nwliological appearances may take on various forms : 

(1) Tumorous Fowr, — ^The enlarged glands project from the hilum inh 
the lung field, with a convex border which is sometimes lobulatcd, or, if mam 
glauils are fused together, show a nearly straight vertical border. Rater 
calcification appears in the glands, and persists throughout adult life. R is ' 
matter of everyday exjierience to find these glands, though calcified primaq 
lung fori arc encountered somewhat less frequently. 

(2) lNrLAM5t.\.TORY Poi»i — If the glands nro surrounded by secondan 
inflammatory changes, periadenitis, a tiiangular soft shadow, extending out 
wards with its apex in the lung, is fanned. This shadow conceals theglandula 
enlargement. Exaiuinati’on in the hoHow-back position sometimes shows tbi 
infiltration to extend outwards into the lung along tlie main iiiteilobar fissure 

Hilitis . — more diffuse form of hjh'tis occurs in ivhich a siiadow covew tlv 
ivliole liilar region, fading out into the lung tissue with increase in the pen 
bronchial and perivascular ^adowe at its edge. 

(3) The Infection >lav spread to the Lvterlobar or Mediastina: 
Pleura, w’hich become visibly thickened. The special form described b; 
Fleischnei as mecliastino-interlobar pleurisy has been traced by him to diiec 
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infection from n gland lying neai; the hilar end of tlie lower part of the main 
interlobar fissure, from w hieh it is separated only by a thin layer pf pleura. 

Epituberculosis 

The rnassive shadow B, often involving an entire lobe, which are to he found 
in cliildren suflering from tuberculosis, arc extremely interesting, and their 
exact nature is still uncertain. Tlic name “ epituberculosis,” given to them 
by Elias and Xevlavd, denotes a non-specific exudatiVo reaction, a pneumon- 



Fio. 21.' — rulnicmar\ tubenulo^ix. Boy, ngwl S Sttirkeil enlarpemcnt of lular glands 
Triangular infiltration of ini<Eillc lobo {SluXa'a triangle ) 

itis. Epituberculosis may occur as soon as the tissues have become aUcrgic, a 
few weeks after the original infection. Some consider it to be analogous to tlio 
excessive dermal reaction which occurs after subcutaneous injection of tuher- 
culin m a patient sensitised by previous infection. Parsons, however, doubts 
this, pointing out that it is not transient like the skin icaction, but may persist 
for months, or even years. Parsons and Spfnce have showm that active bacilu 
can bo obtained from tlie “ epituberculous ” areas by puncture. 

Clinically it is unlike pneumonia, being rarely accompanied by acute 
symptoms. Radiologically the epituberculous shadow is often lobar, wuth a 






>. 219. — Pulmonary tnberculoaia in a toy aged J2 Infiltni' 
tion of riglit upper lobo Enlarged liilar glsiwle. 
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predilection for the upper lobes. It-Tesolve.s slowly, clearing up first at the 
periphery. In' some cases there is a concomitant atelectasis, indicated by dis- 
placement or concavity of an interlobar fissure. It has. been suggested that 
this atelectasis results from pressure of enlarged hilar glands upon the bronchi, 
but it may occur in the absence of any demonstrable glandular enlargement. 
During the stage ofresohttion the shadow may present an exactly similar picture 
to that of the triangular or flanie-shaped shadow of the hilar “ periadenitis ” 
or hilar pneumonitis, named b3'' Burton Wood the “ hilar flare.” Conversely 
a hilar periadenitis maj’’ extend, and finally occupy, an entfre lobe. It is 
therefore clear that only by repeated X-ray examination, combined ^vith a 
careful clinical follow-up, will it be iJOSsible to arrive at a definite conclusion. 

Apical Infiltration 

Occasionallr’- in childhood lesions of the adult tj'pe can be found. The 
early apical lesion is relatively rarely encountered in very young children, but 
as the age of puberty is neared, apical lesions of the adult type become more 
frequent. In children, as in the case of adults, it is doubtful whether tliis 
apical lesion is the result of an endogenous reinfection or of an exogenous 
infection. As is the case in adults, this form in children rarely sjrreads irom a 
small apical lesion, but the patieijt comes with apparently abrupt onset of a 
lesion of considerable extent. The shadow is due to perifocal inflammatory 
change around the tuberculous focus. It is usually iirfraclavicular. Cavita- 
tion occurs in a liigh percentage of cases.' Clinicall}’’ the severity of the s^’^mp- 
toras varies. Sj'mptoms ma}’^ be shght and rapidly disappear, suggesting an 
influenzal attack. After a free interval, during wliich cavitation occurs, wth 
phtlusical extension, the child may be brought for examination suffering ifom 
active phtliisis. In favourable cases the earlj^ apical infiltration may disappear 
and leave only slight fibrotic clianges at the apex. In unfavorable cases the 
disease extends fry aspiration either in the form of a tuberculous broncho- 
pneumonia, or the appearance of fresh foci in the same or other lung (“ daughter 
infiltrates ”). , , 

Chronic tuberculosis at school age mfects the ujjper lobe almost invariably. 
Lesions in the lower lobes are not to be considered tuberculous unless there are 
symptoms of toxajmia and positive sputurti. 



CHAPTER XXIX 
MILIARY TUBERCULOSIS 


Tiie DiSisEJiiNATroN’ of tubcrclc bacilli through the blood-stream may follow 
rapture of a caseous gland into tlic blood-vessel, or occur in other «a5’s. It h 

possible that this dissemin- 



!21 — Jliliarj tub(Tru)o»i-* 4 SeLtion of fhiW’ 

iiveiage <1iflnielei of eacJi nodulf w jV lOfh 


ation s\ill only lead to the 
dcvclo[iincnt of miliarj 
tuberculosis under certain 
conditions of resistance of 
vliicli uc know little. It 
is, at all events, certain that 
htematogenous disBemina- 
tion vith the implantation 
of a few or even many 
colonies of tubercle bacilli 
in the lung tissue lU'ies not 
invariably evoke the serious 
clinical picture usually asso- 
ciated with the name 
“ miliary tuberculosis," and 
tliat there exist many cases 

of blood-disseminated 

tuberculosis of the lungs in 
Mhich the jirognosis h 
rclati%ely favourable. The 
writer lias met with ambu- 
lant cases of disseminate 
tuberculosis in cUildrcn, 


oiberflp'i ” iiavini; eiatiaical and "which M cfc clearly not 
zones of roimcl (elU. epitiieltoia celh, aiul giant tellrt , a lironchopiicumonic iu 
radiogram uoiild show innuin>^ble shadows of pin’s hend . . mJlrl 

l,y „„pute of ... ronlumng Ipng, “"P". “ 

often appearing to toalesco by o\PTlap: tho more super symptoms. Our knOWlef'c 
ficial or more laolnted nodules would be mdividually of this contlitioil haS been 
reoognisabie increased by routine e.\am- 

ination of school children carried out abroad, which lias biouglit many such 
cases to light. Eedeler states, as a result of a large number of such exam- 
inations, that acute miliary tuberculosis, in the old sense, forms but a small 
selective group of the bmntatogenous forms of tuberculosis. 
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Radiological Appearances 

Acute Miuaby Tudercolosis (Gi:jrEKAU8ED Tyi*e).— TIic lung fields are 
uniformly studded by innumerable dots of opacity, varj’ing in size from spin’s 
head to 2 or 3 mm. in uidtli. The distribution is universal, and the apices do 
not escape. The normal lung markings tend to disapj)eiir and may become 



t'lO 2i3 — Milury tubirculo^iii 


invisible. The individual sliadows are due to the areas of reaction surround- 
ing the microscopic tubercles. They are rarely visible on screen examination ; 
the fluoroscopic picture is one of uniform diminution in translucency, with poor 
air entry and diaphragm movement, and the eye obtains an impression tliat 
the shadore is slightly granular. A good radiogram will siiow all tlie lesions 
which lie in the part of the chest nearest to the film. These cases are part of a 
generalised miliarj' disease, and are often associated with tuberculous menin- 
gitis. Recovery is almost unknown. lAdinvann has, however, observed a case 
of a child with an indubitable mihaiy tuberculosis of the lung of the fine clis- 
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seininate type, wlio became afebrile and left the cbnic after some weeks, appar- 
ently healed. Not nntil six months later did a fatal relapse oeeur. 

Chuoxic Miliaky TirBEBcai,osi.s. — The occasional accidental discovery of 
calcified disseminate lung foci of miliarj’- distribution, 'noth no predilection for 
the bases, has for some time been held by many radiologists to be evidence that 
a chronic miliary form of tuberculosis exists, from which the patient recovers. 
As already mentioned, there is evidence that this does occur (Pilger, Blaine^ 



Fig. 224. — Terminal stage of miliary tuberculosis. The child had been ill for several months. 
Death two days lateri Post-mortem : Generalised miliary tviberculosis. 


Dimhavi and Shavelein, Ojpie). Assmann has separated hsematogenous miliary 
tuherculosis from disseminate peribronehiric forms, and the work of Simon, 
Brawling, Bedeher, and others has enabled a distinction to be made between 
an acute hssmatogenous pidmonary dissemination and its sequelte, and the 
better known clinical picture of miliaiy tuberculosis. Sucb dissemination may 
occur frequentlj’, either immediately following development of an earlj'' lesion j 
or in, children with infected broncliial glands. It occurs near the age. of puberty 
with special frequency, and .occasionally in the, adult, Four radiblosical 
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Fio 225^hronio miliary tuWrculcwiB in a girt of U Spleen and lymphatic glands enlarged. 
The pulmonary inriltrationa gradually' diaeppeariHl tlunng the following year 


stages are described . ( 1 ) An early hypenemia and congestion of the pulmonary 
vessels, resembling a •* back pressure ” lung. (2) In a few days, or u eeks, the 
appearance of visible foci, some round, others ill-defined and irregular. The 
distribution is universal, or more marked in the upper lobes, coarse and less 
uniform than the classical miliary type. The shadows are due to a perifocal 



Fio. 226. — Chronic milmi'y tuberculosis. Same case ns Fig, 225 taken three years later. 
This shows only a few residual stippHngs at the njiices. Patient m good health. 


reaction. (3) In the third stage the perifocal reaction subsides and the indivi- 
dual lesions become more distinct. The vascular shadows diniim'sh, but are 
stiU clearly defined. (4) In the foturth stage some lesions disappear, others 
remain, tvith sharper and better defined contours. Scar formation leads 
coarse cobwebby reticular pattern, with scattered foci, at considerable int^r 
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whicli gradual!}’- become hard, fibrotic, or calcified. TJie clinical course is 
often benign, in striking contrast to tlie radiological picture. A case of this 
nature is reported by Sanle. 

The most recent and complete account of chronic miliary tuberculosis 
liitherto publisiied is that of Hojfh and Yaizey. 

They present ten personal cases and have collected 100 from the literature. 
The condition is most often found in adolescence or early adult life. A 



Fio 227. — Calcified miliaty tubereulosH. 

cardinal feature of the disease is the disproportion between the clinical signs 
and the X-ray findings. The disease is latent. The sputum is often negative 
and the Mantoux reaction may be negative. About one-third of the cases 
have other lesions, splenomegaly, diffuse lymphadenitis, or tuberculous lesions 
of the genito-urinary tract, bone, or joints. 

The radiological picture is similar to that of acute miliary tuberculosis , 
the lesions may be of the fine miliaiy or coarse miliary type. A rare form baa 
an associated tuberculous lymphangitis ; in this form the discrete lesions may 
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be marked by a fine reticular jjattem of linear shadows radiating from the hila 
through the lung fields ; this pattern has been proved at autopsy to be due to 
tuberculosis of the peribronchial and perivascular lymphatics, and in this 
form dissemination occurs by the lymphatics. 

Death may occur within a year, but some cases have been followed to 
recovery, vath or without residual tuberculous lesions. 

The case illustrated in Eigs. 226 and 226, under the VTiter’s observation for 
over three years, illustrates complete recovery vdth some small residual scars in 
the apices. E. 14. Listlessness, loss of weight, enlarged glands in neck and 
axillse, enlarged spleen. Both lungs studded with coarse miliary infiltrations. 
No cough or sputum. After six months the lesions began to clear and gradu- 
ally disappeared in a year, excej)t for residual scars at the apices, which have 
remained stationary. The child is now 17 years of age, backward physically 
and mentally, but in good general health and gaining weight. No splenic or 
glandular enlargement. Slantoux feebly positive (1 : 100). • 

Calcified mihary lung lesions were found by Sayers and Mefkvetlier in 126 
cases duiing routine examination of 18,000 mine-workers. Over half of- the 
patients were symptomless. The lesions were scattered tlrrough the lungs, but 
most numerous at the bases. Tubercle bacilli, were rarely found. 

Sntlierhvd has reported thirty-eight cases of miliary calcification in the 
lungs in rural population. 

Hegler and HoWntsen have described nine cases of miliary tuberctilosis, 
two of which became completely cured,- while some others ran a chronic course. 

It is believed b 3 '' Simon that the small rounded calcified foci occasionally 
met with in the supraclavicular apex are residual lesions from a heematogenous 
spread, the other lesions having become entfrely absorbed. 

Differential Diagnosis of Miliary Tuberculosis 

PxEtrarocoxiosiS. — ^Tlie classical form of miliary tuberculosis -^vith fine 
nodules could hardly be compared with pneumoconiosis, but the coarser forms 
may closety resemble pnemnoconiosis of the rapidly developing t 3 rpe, during the 
nodular stage. The distribution, density, and size of the pneumoconiotic 
nodules are, however, in the witer’s experience, less uniform. The nodules 
are first found perijiherally, especially in the axillary borders of the upper 
lobes. They are harder and better defined than those of miliary tuberculosis, 
and commonly combined vith emphysema. In the third stage the coarse 
fibrosis and the confluence of the shadows is quite unfilie anything seen in 
mihary tuberculosis. 

BKOXCKtoniTis, in the course of measles or influenza, produces a picture 
resembling mihary tuberculosis, but the lesions are, as a rule, coarser and less 
well defined, and tend to become confluent. Assmann has seen a case of bron- 
chiohtis obhterans, in which the post-mortem findings so closely resembled 
mihary tuberculosis 'that it was so described until histological investigation 
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disproved the diagnosis. Tliia condition is an end-result of influenzal bron- 
chiolitis or of irritative bronchiolitis (gas poisoning), and in it the terminal 
bronchioli are occupied by fibrous tissue which invades the infundibula, pro- 
ducing a nodular fibrosis. In Asswiann's case tlie apices were not appreciably 
involved in the radiogram. 

BEO>'CnorNiarjiosL\. — The predominant affection of the bases is, as a 
rule, sufficient to distinguish it from miUary tuberculosis. 

Other CoNomoxs. — ^Miliary carcinomatosis, bronchiolectasis, septicsemic 
miliary’ foci, leukmmia or lyunplmdcnomatous disseminate foci, actinomycosis, 
purpura {Pape) and mycotic infections, are other conditions svliich have at 
times given rise to difficulty in diagnosis. Billiarziasis of the lungs may 
simulate miliary tuberculosis (J/aiwncr). 

Boeck’s sarcoid of the skin is, in 6 per cent, of the cases, associated rritli 
miliarj’ lesion of the lung. Uoyle and Vaizey consider that these lesions are, 
in fact, tuberculous. 

Miliary AMYLOinosrs. — lAehmann has described miliary amyloidosis of 
the lungs associated with amyloid disease in other organs. In Xontlioniatosis 
(Schiiller-Christian syndrome) there may be found a coarse stippling of the 
lung fields, progressing later to fibrosis, circulatory obstniction in the lungs, 
and heart failure. 



CHAPTER XXX 
THE IMEDIASTIXror 


ANATOMY 

Thk thoR/VX, as seen in a lateral radiogram, sliows from before backwards three 
zones wliich con-espond approximately to tlic three anatomical di-visions. 
Anteriorly is a clear zone behind the sternum, triangular in shape, "with its apex 
downwards ; the retrosternal space (anterior mediastinum). Behind this, the 
shadow of the heart and gi'eat vessels (middle mediastinum). Behind this 
again, between it and the spine, another clear space (posterior mediastinum). 

In the Retrosternal Sracb lie the anterior margins of both lungs, en- 
closed in the pleural sacs, the pleura of the two sides being in contact in the 
upper jjart of the space. The space also contains the thymus or its remains, 
an important group of lymphatic glands behind the manubiaum (anterior 
mediastinal glands), and some other glands belonging to the jjarietal dhision 
(see Lymphatic Glands). 

The IHiddle MEDiASTiNinM contains the heart, aorta, and origins of the 
great vessels of the upper extremity, head, and neck ; the pericardium, pul- 
monary arteries, superior and inferior vena cava, and the vessels of the roots of 
the lungs -with the j)hrenic nerves pa.<5sing do-wnwards in fr’ont of them, the left 
phrenic being less closely related to the lung root than the right. 

In the Po.sterior Clear Space are the trachea and the main bronchi 
entering the lung roots, the lymphatic glands in relation to the air tubes, the 
msophagus. the aortic arch and descending aorta, and the vagi. In the upper 
part of this clear space the lungs of the two sides are nearly in contact, being 
separated only bj^ the pleura. 

In the postero-anterior view, the mediastinum is seen as a shadow vvdth 
clearly defined contours, except where these are interrupted by the Imig roots, 
and is of a density which varies in its different parts. The stracriires forming 
its borders are enumerated elsewhere. 

TECHNIQUE OF RADIOLOGICAL EXAMINATION 

The study of the mediastinum is of very great impoitance, for the detection 
of lesions in this region can be accomplished by critical radiological examina- 
tion before there are any reliable physical signs. Differential diagnosis is often 
a much more difficult matter, but, in general, the radiologist is called upon to 
assist in differentiating benign and malignant tumours, substemal th3n’oid,> 
retro.sternal abscess, enlargements and tumours of the thymus, enlargem “ ' 

3.13 
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of the lymphatic glands due to Ij'mphadenoma, l^nnphosarcoma, leukiemia, 
inflammation or secondary malignan<y, mediastinal abscess, and anciirj^ms in 
various situations. 

Very rarely can any definite opinion bo formed from n plain postero- 
anterior film, especially if tins is of the “ soft ’’ variety. Nor rvill a “ routine 
antero-posterior and lateral ” snifice. The whole mediastinunr must be 
scrutinised on the screen from different angles, films being taken in those 
positions which show the lesion most clearly. Attention is directed to the 
following points in particular: 

(1) The size of the lesion, rrith measurements. 

(2) The sliapo and defiiution of the edge, uhethcr sharjfly defined or inde- 
fimte. If tho edge is indefinite, whether this is due to acttml invasion of the 
lungtbrough the pleura, or whether it is due to compression and condensation of 
the lung detail or congestion of vessels of the Iiing from pressure on the lung 
root. The shape of the edge, whether smoothly rounded or lobulatetl, or 
ohviovisly formed by the fusion of several masses. 

(3) The site of the lesion : whether arising from tho uppermost part of the 
mediastinum, and if so whether it is continued upwards into tlie neck; 
whether the lower edge of the shadow involves the lung root, or stops short of 
the hilum ; and in particular whether the sliadow is mainly in the anterior, 
middle, or posterior regions. 

(4) The exact relations of the shadow to the aorta, tho heart, and the 
pericardium; whether it pulsates, and if so uhether this is expansile or 
communicated ; whether there is displacement of the trachea or cesophagus. 

(6) Whether the lesion is unilateral or bilateral. 

(fl) Whether there is movement of the lesion on Bwelloudag. 

(7) Whether there is bony involvement of ribs, spine, or sternum. 

(8) Enlargement of lymphatic glands elseuhere in tho body should be 
looked for. 

MEDIASTINAL TUMOURS 

Primary Mediastinal Tumours may arise in various tissues : 

(1) From lymphatic glands * Lympliadenoma, lyunphosarcoraa, lymphoma 
(leukemia). 

(2) From the thyroid gland : Siibstemal thyroid, simple or malignant. 

(3) From the thymus : Simple hyperplasia, thymic cyst, thymic tumour. 

(4) From connective tissue : Lipoma, fibroma, xanthoma, chondroma, 
chondrosarcoma, and sarcoma. 

(5) From pleura ; Endothelioma. 

(6) From nerve tissue : Ganglioneuroma, neurofibroma, “ hour-glass 
tumour,” neuroblastoma. 

(7) Fronx embryonic elements : 

(а) Vestigial. Tracheobroncliial cj’sts. 

(б) Dermoids and teratomata. 
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Secondary Tumours of the Mediastinum may arise as a result of metastasis 
from sarcomata or carcinomata in any part of the body. These are usually ^ 
blood-borne, but may reach the mediastinal glands from the neck by direct 
extension timough the l3unphatic channels which connect the lower deep cervical 
glands with those of the mediastinum. It is not common for a broncMal carci- 
noma to present a pme radiological picture of glandular enlargement of the 
mediastinum, though in a few instances tills may be so marked that it domi- 
nates the picture. As a imle, the associated hilar and pulmonar3’- changes 
establish the diagnosis. Direct extension from oesophageal carcinoma may 
occur, but is rare, and affects the peri -oesophageal l3Tnph glands first. 

In general, the mediastinal tumours obseiwed radiologicall3'^ belong to 
the lymphoblastoma group, of which the commonest is lymphadenoma, 
L3Tnphosarcoma (of the small or large round-cell types) comes next in frequenc3^ 
Leidcaemie tumours and tumours of the th3^mus are relatively rare, and the 
benign tumours are exceedingly rare. Of the last-named, dermoid C3"sts and 
teratoma suppty most of the recorded examples. ’ 

The benign tumours are distinguished by their ocdunence in younger 
indiidduals, by slow growth, comparatively mild s3nnptoms, and complete lack 
of response to irradiation. Though rare, the3' are important, since they are 
often amenable to surgical treatment. It has been emphasised by Tudor 
Edwards that the benign tmnours are potentiall3’’ malignant and that their 
removal is for tliis reason essential. He stresses the difiBculty of maldng' 
diagnosis from a consideration of the clinical signs and radiographic appear- 
ances alone, and the need for using all the loiovn accessor3’' methods of 
diagnosis, including artificial pneumothorax, thoracoscopy, lipiodol injection, 
bronchoscopy, [paracentesis through a udde-bore needle and incision and biops3'’. 

HODGKIN’S DISEASE 

Hodgldn's disease (lymphadenoma : l3'mphogranulomatosis) is one member 
of a group of diseases which in American and Continental Hterature are tending 
to be classified together under the term 13'mphoblastoma. The. group includes 
the leuk«mias, lymphosarcoma. Hodgkin’s disease and sarcomatous 
Hodgkin’s disease. 

Primar3’^ mediastinal adenojmthy is much more common^ due to Hodgkin’s 
disease than to any other member of the grouj). though it ma3^ occur in 
leukeemia and tymphosarcoma. 

Hodgldn’s disease is about two and a half times as common in males as in 
females ; intrathoracic involvement is about twice as common in males ; 
sarcomatous Hodgldn's disease is six times as common in males as in females. 

In a ver3- detailed review of 6S1 cases of disease of the l3'mph-hfemopoietic 
system, incluchng 214 cases^f Hodgldn's disease, Peirce, Jacox. and Eildreili 
have correlated the clinical and radiological findings. The series included 198 
cases of Hodgldn’s disease which had had X-ra3' examination of the chest. Of 
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these 37-4 per cent, had normal chest.'*, 37-0 per cent, showed mediastinal or hilai 
glandular enlaigement, 13-G per cent, infiltration of the lung parenchyma, and 
11 per cent, pleural involvement. The high incidence of parenchjTnatoiis in- 
filtration is noteworthy. It occurred in rather more than 20 per cent, of those 
cases with positive cheat findings. 


Radiological Features 


The glandular changes vary in degree, from localised enlargement of the 
liilar or bifurcation glands to very large tumour mas'ses, but they are nearly 

always bilateral. In the slighter 
cases the enlarged glands may 
be hidden by the heart, and the 
lateral \ieu' is essential to detect 
them. This ^^cw may show 
glands about the bifurcation of 
tbe trachea, or behind the 
trachea. Enlargement of the 
retrosternal glands is also 
common, onci is clearly visible 
in tlie radio^om as a shadow 
beliind tlie upper end of the 
sternum, filling up the space 
between it and the heart and 
great vessels. In the postero- 
anterior \iew the first shadow 
i.s usually seen in the right 
paratraclieal region, sometimes 
as a slight convexity disturbing 
the normal contour of the 
superior vena cava ; but it is 



Fig 2 ’S — L> mphaclonoina, imohuiR paratni- O^en bilateral. The upper 
cheal an<l bronchopultnonari gtanili Dj-<apprarr<l mediastinum gradually 'vridenS 
after racliotherapv ThediscrpteKhfldouamtbeiprt “hard” films the glands 

Zr.'.t'riTp.x’”'’"' an, often vi,iblo’as rounded 

shadqws fitting into the con- 
cavity of the main bronchi. Tracheal or tesophageal displacement and de- 
formity may bo found. The enlargement sometimes remains confined to the 
u]iper mediastinum, giving a broad, smoothly conformed sliadow, bilateral, and 
tending to spread upwards to the thoracic inlet When tlie tracheobronchial, 


hilar, and pulmonaiy’ glands are involved, and are matted together or overlap, 
the shadoMs show a typical lobnlated contour (Fig. 228). If they remain 
discrete, the radiogram shows separate rounded masses in relation to the larger 
bronchi, and enlarged niterbronchial nodes in the perihilar region. Isolated 
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rounded glands may also be foimd farther out in the lung field, resembling 
malignant metastases. In Hodgkin’s disease these tend rather to be grouped 
around the hilum and to dimmish more regularty in size from the hilum 
outwards than blood-borne metastases, which are more imiversally distributed. 

The “ mediastinal ” type of X-ray picture is twice as common as the 
“ hilar ” tj-pe. 

Parenchjnnatous involvement of the lung may take many forms : 

{a) Radiating strands of peribronchial infiltration, lesembh'ng inflammatory 
disease, tuberculosis, or bronchial carcinoma. 



Fic.. — Lymphadcnoina Right para- Fatoinl view Glanch of hilum and 
traclieal and left tracheobionclnal glands trachoal bifurcation, and lotrosternal glands 
show massive enlargement cnlnigod. 

(6) Coarse rounded nodules resembling metastases, which may in rare in- 
stances become cavernous {lAcldmslein). 

(c) Eine or coarse disseminate masses with ill-defined edges. These cannot 
always be distinguished fi-om disseminate or even miliarj^ tuberculous lesions, 
but tend to be more symmetrical and to spare the apices. 

{(1) Massive pneumonic infiltrations, witli or without atelectasis. 

A course of radiation treatment may be necessarj’’ to clear up the diagirosis, 
as has been shown by Desjardins. 

A case of lymphadenomatous infiltration of the lung observed by the 
writer, proved by the presence of enlarged glands elsewhere, by biopsy of an 
excised gland, and by the radiotherapeutic test is shown in Fig. 230. c t 

x-n. r — 22 
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after m<liotherapy. 



THE MEDIASTJNUJI 339 

Complications 

Fever of the Pel -Ebstein type, pruritus, diffuse lymph oblast omatous in- 
filtration of the skin; laryngeal paralj^'sis. j)lem-isy and ascites from obstruction 
of the great vessels, metastasis in bone, direct invasion or erosion of sternum, 
ribs, or vertebras, or infiltration of tlie spinal cord with paraplegia, metastases 
in brain or testis, and Jjunphogranulomatous tumour ofrthe gastric mucosa have 
been observed in Hodgkin’s disease. -The bone-lesions may occur at a distance 
and are usually osteolytic ; an osteo]ilastic type has been recorded in the spine 
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Fig. 232 — Lyinphinlenoina, M 23. In- 


Karbosmm of aamo case six months later. 


lolvement of loft Iraf heobronohial and foilouing X iny treatment Slight residual 
retrosternal glands, extension into left upper enlai^einent of the loft tracheobionchinl 
lobe gUind-- A \ ear latoi theie u as. in\ olvement 

of left uppei lobe 

which produces marked increase in the density of one or moie vertebrse 
(“ Elfenbeinwirbel ” — Hulien). According to Ziegler (Schinz), bone lesions 
occur in 30-40 per cent, of cases of Hodgkin’s disease. The vertebras sternum, 
pelvis, and ribs are most frequently involved, in that order. 


Differential Diagnosis 

In the majority of cases the jnesence of enlarged spleen and of glands 
in neck, axilla, groin, or abdomen, together with the blood-count and Clinical 
course, e-stablish the diagnosis. If tliese are absent, an exact diagne ‘ ' ' - 

possible fifom the X-ray e^ndence alone. Leuktemia, aleuktemic 1^ 
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lymphosarcoma, and thymoma may produce tumour sljadows in the upper 
mediastinum indistinguislmble from Hodgkin's disease. The blood picture 
will differentiate the Icukremlas. Lymphosarcomata cannot, as a rule, be 
differentiated, except by tlieir greater tendency to infiltrate the lung tissue and 
to present an ill-defined edge. Tlijinoma tends to invade the thoracic inlet, 
where it compresses or disjilaccs the trachea. Some thymomata, liowever, 
occupj’ a lower situation. Lymphosarcoma and leul<a?mic tumours are more 
strongly radiosensitive tlmn lympliadcnoma. Thjnnoma requires heavier 
doses of radiation than the preceding, but can be made to regress by ^-ray 
treatment, occasionally uitli complete cure. Carcinoma is relatively, and the 
lienign tumours completely, insensitive. 

The increased mediastinal shadow due to paravertebral abscess of Pott’s 
disease is easily distinguishable from that due to adenopathy on careful examin- 
ation of the mediastinal space. It lies In the posterior mediastinum. A rare 
cause of enlargement of mediastinal glands is syphilis. A dermoid is unilateral, 
and usually projects into the lung field in a manner quite unlike the lobiilated, 
usually bilateral shadow of Hodgkin’s disease. TJic contour of a teratoma 
is, however, sometimes slightly lobulatedor wavy. Snbstcmal thjToid may be 
unilateral. It rises upwards on swallowing, unle«3 fixed by its great size or 
by adhesions, Jlalignant sulistcmal thjTOid carcinoma, malignant cervical 
glands invading the thoracic inlet from the neck, and tlijTnoma all produce a 
widening of the superior meiliastiniim and trnclic.il displacement or compics* 
sion, resembling tliat of a simple snbstcmal tb}Toid, but do not move upwards 
on Bwallowmg, 

In children, tuberculous adenopathy must be considered in tlie differential 
diagnosis. In adults, this condition is so rare in the mediastinal and hilar 
glands th.it it hardly ever enters into the differential diagnosis. It has been 
observed in adult native mme-workers m South Africa. It occasionally occurs 
in this country, and the difTetential diagnosis, is then impossible. 

LYMPHOSARCOMA OF THE MEDIASTINUM 

Lymphosarcoma arises in the lymjih no<les and iienetrates the capsule, so 
that individual nodes are more or less fu^ed. Two forms are recognised histolo- 
gically' : (1) The binall-cellcd lymphocytoma, which is uncommon and almost 
confined to small children , and (2) The large-celled (reticulum cell sarcoma). 

In the mediastinum the tumour grows rapidly, and spreading from one 
group of glands to another may' soon come to fill the entire mediastinal space, 
and to invade lungs, bronclii, or oesophagus, or perforate the sternum. Th® 
symptoms are essentially due to compression, namely' dy’spnoea, cough, cyanosis 
pain, or dysphagia. Lary'ngeal palsy, with hoarseness or aphonia, or phrenic 
palsy, may be present ; these nerve palsies are more common in ly’mphosarcoina 
than in lymiibadenoma. 

In the later stages there is general weakness, pallor, and loss of weight. 
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Radiological Appearances 

There is a marked increase in breadth of the upper mediastinal shadow, 
usually bilateral. The outline is smootMy rounded, occasionally vra-vy or 
lobulated. As a rule the margins are clearly defined, even though the tumom 
is massive, for the 
mediastinal pleura re- 
sists invasion and may 
continue to confine 
the growth within 
bounds. It may, how- 
ever, be invaded, and 
the tumour, spreading 
into the lung field, 
then shovs an irregu- 
lar bluri'ed edge. A 
certain amount of 
hairiness of the margin 
is sometimes due to 
compression of t h e 
adjacent lung and to 
stasis in the lung 
vessels which can be 
seen as prominent 
linear markings curv- 
ing upwards from the 
hilum to the outer side 
of the mass. These 
must not be mistaken 
for “ invasion." The 
strands of shadow 
quickly disajDpear as 
soon as the bulk of 
the mass is reduced 
by radiotherapy. 

In the lateral view 
the growth can often 
be seen to involve the tracheobronchial and retrortemal glands, and the oblique 
view Mill show enlargement of the glands of the bifurcation. If the oesophagus 
is outlined vith barium, the mass may be fmmd to deform it, especiall}^ on its 
anterior contour. 

The glandular mass in the upper mediastinum has to be differentiated from 
aneurysm. This is usually practicable when the glandular involvement is hot 
very extensive, for the aorta can usually be seen clearly through or to one ^idei 



Fjg. 233 — Jlcdiaslmni tumour, -with (.econdaty nodule* lu 
lung. JI. 59. Tleeent cough, dyspncca, and uealvncs*. The 
inais gren- lapidly during o niontlis and the nodules appeared in 
lung. Iso primaiy tumoin eL-enheie. Death from meta-fasis in 
hiain. Possibly h mphosarcoma 
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of the tumour sliadow ; but tlie aorta sometimes comj)letely embedded in 
tumour, and it is then impossible to make the distinction. 

It is stated that Ij'mphosarcoma is more radiosensitiv’^e than Ijinphadenoma. 
This is possible in view of its activity and rapid growth, but the writer has found 
fairly wide variations in tbesensitivity of lymphadenoma itself, and does not con- 
sider that any reliable deductions can bedrawnfrom this test in differentiating the 

two conditions from 



Fig 234 — CalciAed tlnTOitl adenomn Both lob^ <(enseU 
calcified Trachea compn-ssetl 


one another, though 
both may usually be 
distinguished by the 
radiotherapeutic test 
from carcinoma, 
which is much less 
scnsitiv'c. 

Thymoma, which 
produces » tumour 
very similar in 
its appearances to 
lymphosarcoma, is 
about equally radio- 
sensitive. 

SUBSTERNAL 

THYROID 

Substemal goitre 
is usually a down- 
ward prolongation or 
outgrowth of a cer- 
vical goitre. It may, 
however, be de- 
veloped w'ithin the 
thorax, and be un- 
accompanied by any 
obrious thjToid en- 
largement in the 
neck. It is very 


frequently unilateral. In old age, with increa.smg ky’phosis, a long-standing 
goitre of the neck may become less obvious, but X-ray examination may show 
it to have become retrosternal. A toxic thjToid sometimes has a retro- 
sternal extension, or is entirely retrosternal. A substemal goitre, usually dis- 
places the aorta downwards, and the innominate and subclavian arteries out- 


wards to either side, causing a broadening of the mediastinal shadow which i? 
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often asjrmmetrical and frequentty unilateral. The aortic knob becomes 
prominent, as a result of the downward displacement of the arch. The con- 
tour of the enlarged substernal th3’roid, traced upwards, is continuous wdth that 
of the cervical enlargement. The usual jnctm-e is that of a somewhat pyramidal 
shadow', wdth the narrow'er end dowmwards, the trachea is compressed laterally ; 
the gi’eatest narrowing is seen at, or a little belowy the level of the clavicles ; 
but it is usualty visible also in the neck, a pomt of distinction from tumours 
arising in the mediastinum. For alterations of the cardiac contour m toxic 
thyroid enlargements see the section on the heart. Sometimes, when the 




Pig, 235. — Diagram ; Large, unilateral substenial thyroid — after Chnoul. 

i 

thj'Toid enlargement is nodular, tw'o or more distinct mdentations of the trachea 
may be observed. 

A substernal thju’oid usually moves upwards quite distinctly with swfdlow'- 
ing, imless malignant or adherent. 

The right oblique view' show's a shadow' passing dowmw'ards in front of and 
somew'hat overlapping the trachea. In full lateral view' baclnvard displace- 
ment of the trachea and some indentation of its anterior margin may be observed. 

Calcification may be visible in the cervical or substernal part of the thjToid. 
It may be circumscribed, or disseminate and ‘"fiocculent.*’ 

DirPEREKTiAL DiAOXosis is from aneurjTsm of the aortic arch, or from 
malignant glands or tumour. Enlargement of the upper mediastinal shadow' 
has been observed bv the writer in a case of malignant glands in the neck with 
extension downwards into the superior mediastinum, and in a case of tlijunoma 
with upward extension, verified by post-mortem. 

The principal points difierentiating substernal thj'roid from aneurj'sm of the 
arch are as follows : 

(1) Aneurj'sm usualh' displaces the aortic knob upw'ards or outw'ards.'’“" p 
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large thyroid tumour displaces it doHnuards, but a small one does not. If 
however, the aneurysm arises from the ui)per surface of the arch, the aortic'arch 


Fig .36 —Normal infant (a) taken on crpiraJ.on, 
{«•) taken on inspiration Effect of respifation on 
raediaainaJ shadow Tiie dilatation of thesupcrior >en« 
cava on expiration simulates an enlarged thj mus. 



may ho displaced down- 
wards. 

(2) Lateral compres- 
sion of tlie trachea is 
very rarely caused by 
aneurysm ; displacement, 
not compression, is the 
nile. 

(3) The calcification 
in nucurysm is in 
tlie wall of the sac, 
usually curvilinear, never 
sharply circumscribed or 
flocciilent. 

(4) Pulsation is much 
more common in aneu- 
rysm. 

(5) Aneurysm does 
not ONtend upwards into 
the neck. 

(C) Displacement and 
indentation of the ceso- 
phagus is the rule in 
aneurysm, and exceed- 
ingly rare in goitre. 

(7) Upward move- 
ment on swallowing is 
tlio nde in substemal 
thyToid, but can only 
occur in aneurysm if it 
is adherent to a bronchus 
or the trachea. 

A very large mu- 
lateral substemal thyroid 
may simulate a benign 
lung tumour. Such a 
case has been published 


by Chaoiil] it filled the 

upper part of the right hing field. The trachea -n aa displaced, but the 
aorta and the great Teasels a ere undisturbed. A diagram of this tumour is giren 
(see Tig. 235). 
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THE THYaiUS GLAiSTD 
Hyperplasia of the Thymus 

Simple enlargement of the tinmans gland in children has been studied radio- 
logicallj’’ in America more than in this country. Headers are referred to the 
'vcov)^s, oi Pamoast 0 .^ 6 . Pendergrass anHi. of Donaldson. 

Clinically there may be dy'spnma, attacks of cyanosis ■nith unconscious- 
ness and “ thymic stridor,” but symptoms may be. absent in many of the cases 



Fig. 237. — ^Enlarged thymus. M. ;ct. 1 year. 


which show an enlarged thymus. TJi'ere is a tendency for the, condition 
to be familial. ' ' , 

X-ray examination niay show a broad convex shadow in the upper part of 
the mediastinum, wader below and sometimes fitting over the upper part of the 
heart shadow like a cap {Hbchsingar). ,Tt changes shape with resphatory effort. 
Mnor degrees of enlargement are difficult to distinguish from that due to a dis- 
tended superior vena cava, w'hich also becomes enlarged in infants during cr}^- 
ing or struggling (Fig. 236). In the lateral view^ the trachea shows a peculiar 
kiuldng due to the thymus at the thoracic inlet (Pancoasi). , , . _ > \ 

Radiological evidence is not always reliable. .Vafious,.imters have Re- 
corded that autopsy has often failed, to show any thymic enlargements”' ' 
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children \tith positive X-ray findings, or, conversely, has shown tiiyniic en- 
largement to be present with no X-ray signs. Iloclisinger's observations have, 
however, been confirmed by otiicrs upon occasion, notably by Zuckerbindl. 
Broadening of the upper mediastinum was marked in some of the latter’s 
cases, and disappeared after X-ray therapy. Enlarged thymus in adults is 
very rare, but has been recorded by Assmann in a case of lynrjfimtic leukaemia. 
Carcinoma of the tbyinus and malignant thynjoma usually project unilaterally. 

R f.t.tahit.t tv or X-iuY Evidence of Tkvtiiio Eklaboement ix Ixtaxts.— 
The appended table, after Donaldson, sliovvs that in new-born infants there is 
a general correspondence between thymic symptoms and visible thymic 
enlargement. Th3’mic enlargement in Groups lo and Ih was tliree times as 
common in those infants with sjmiptoms as in the unselected group I<i. It is 
obvious, however, that sjTuptoms often occur with no thymic enlargement. 

In older infants, up to 6 months, thj'mic enlargement appears to persist, 
and to show the same percentage incidence as in the “ new-born, wth 
symptoms ” , but the SJ^nptoms apparentli' subside in this ago period, since 
the children in this group were not referred os “ enlarged thymus " cases, hut 
for routine examination prior to operation for tonsils and adenoids, or for other 
reasons. After the age of 0 months the incidence of enlarged tbj’mus is very 
low . The thj’mus is sometimes enlarged in cases of toxic goitre in adults. 


CUxlflcMIon 

Tout 

ro*ltlve 1 

jliofiirr-Unc 

XrentlTs 

% 

Group la 

New-born coneecutivo unidecte*! 

500 

74 , 

1 

1 

307 

14 8 

Group lb ! 

New-born with thyinic syrnptomA . . | 

1 l«0 

68 1 

■ 

81 

412 

Group II : 

Qirlh to S inonthH, routine chest eAaminntion ' 

' 135 

j 55 


74 

40 7 

Group III . 

Six months to 6 } ears, routine cheat examine- 

1 

i 

1 11 

I« 

216 

45 


Tablt : Incidence of thymie enlArgement accordini; to Donakl-on. 


Tumours of the Thymus 

Primary tumours of the thymus ore rare Doub, in 1930, foiuid re- 
ports of about 100 cases in the bterature, of which twenty were carcinomata, 
the remainder sarcomata. Smee then they’ have been reported at the rate of 
about two a year. 

TJie thymus is a paired organ developed from the third branchial clefts. 
It has a stmctuie somewhat resembling lymph gland, but possesses a cellul^'r 
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reticulum of rather large cells, the spaces of Trhich are crowded uith leucocytes. 
The reticulum of the medulla contains cell nests (HassalFs corpuscles). 
Primary’- tumours of the gland ma}'" he ; (!) i\Ialignant thjmioma. or lym- 



Fig. 23S. — Thymoma. M. 22. Clinically there was mtcn.sc dyspnoea. At post-mortem 
the growth invaded the superior mediastinum and neck, and the tracheal walls were infiltrated, 
and in place.?, perforated. 


phosarcoma ; (2) Carcinoma, composed of large cells of epithelial t^^pe ; 
(3) Spindle-cell sarcoma and myxosarcoma derived from the stroma. Some- 
times the so-called lymphosarcoma and carcinoma may be mixed, so that the 
tumour shows reticulum cell areas and aggregations of small lymphoid cells side 
by side, the structure then being reminiscent of lymph-epithelioina of 't)ie, ,. 
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pharyngeal mucosa. Dermoid cysts and simple ciliated cj'sts may also arise 
in the thjTutis. 

Thymomata ace usually lughly malignant and invasive. They occur at any 


■ is: 



Fia. 230 — Thjiuoina. Fcnetrsting film of eonro tasc Tig 238 to sliow trnciiealcomprcw'on 
and cli«p1ac«ment. 

age. Doxib's five patients ranged iitim 25 to 72, but tho niajoiity were in the 
fourth decade. 

The post-mortem appearances are thus described by Doiib : “ When the 
chest is opened at jjost-mortera a mass is found occupying the region of the 
thymus, lying in the anterior mediastinnui, yellotvish or greyish. It may he 
encapsulated, but is frequently adherent to the sternum and surrounding 
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organs, and may invade pericardium, lungs, trachea, and glands. Direct 
invasion is more often seen than distant metastases. The latter may occur to 
Iddney, hone, brain, or other internal organs, and axillary and cervical glands 
are frequently involved.” The chnieal findings may be at first those of 
debility, but pain in the neck and chest is a prominent early symptom. Later 
the signs are those of any tumour compressing the structures of the thoracic 
inlet, namely venous congestion. fij'-spnoSa, and dysphagia. In several re- 
corded cases the tumour has invaded and perforated the anterior chest wall. 
Mahgnant pleural effusion may occur. Lymphatic leukaemia may be asso- 
ciated, and imlmonary tuberculosis may coexist. Another interesting asso- 
ciation is that of myasthem'a graAos with thyinoma. Two such cases are quoted 
by Doub, and others have since been recorded (Gold). 

Eadiologioax, Appearaxces. — ^ThAunoraa shows a more or less circular 
sharply defined non-pulsating mass in the anterior mecbastimun. It lies below 
the clavicles, and j)artly covers the heart. Sometimes it projects more to one 
side than the other ; its position is usually somewhat lower than that of the 
other mediastinal tumoius, wliich are also more likely to involve the middle 
and posterior parts of the mediastinum. It is not always possible to dif- 
ferentiate it from them, but a biopsy of an axillary or cerrieal glaiid or of the 
tumour itself may clinch the diagnosis. , 

In rare instances the tumour may invade the lungs and show a diffuse 
spreading edge, or still more rarety giv'e rise to mtiltiple metastases resembling 
miliary tuberculosis. 

Th3Tnomata are not amenable to sm-gical treatment, since they envelop 
and are intimately bound up with the other mediastinal structm’es. They are, 
however, very radiosensitive, and some cases have siuvived for long periods 
after X-ray treatment. Treatments of less than l,000r. delivered in the 
tumoiu have resulted in marked regression to about half the original size in 
six weeks (Doub). Complete regression requires heavier treatment or a repeti- 
tion of the cotu>;e. Survival periods of as much as six years are known. 
Dwyer’s case was alive and well after three years, and one of Daub’s cases after 
five years. 

RARE MEDIASTINAL AND MIDLINE PARIETAL TUMOURS 
Neurinomata and ganglioneuromata are tumours arising from nerve tissue. 
These may arise from s 3 unpathetie, vagus, or intercostal nerves. Thej’’ cause 
shadows with clearly defined contom-s which project from mediastinum or 
thoracic wall into the lung field (I) and (2). Assmann illustrates a large 
mediastinal tumour due to a neurinoma of the vagus. 

Neurofibromas form a high percentage of benign tumom-s. They arise 
from intercostal nerves ; nearly alwaj^s in the upper posterior mediastinum, 
but may occur on the chest wall. Tliey may become malignant. 

Hjstologicalty they show a structure sunilar to that of acoustic uieuroma. 
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Tia 240 Diagran) : Hour ela>n 
(dumb-bell) neurofibroma. The inlra- 
spinal part compresses the eont t tho 
extra-spinal portion clevatea tlic pleura, 
enlarge)) tho interx’ertebral foramen, and 
erodes the vertebral body, transverse 
process, and ribs 


occur if the tumour h parictnl 
sical sign^. 

RAPIOLOOrCAL Am-eabances. 
defined, and in tho pos- 
terior raediastinuin, oc- 
casionally on the posterior 
chest nail, • Antero-pos- 
terior, oblique, and lateral 
films must be taken, and 
Potter Ducky films of the 
spine. 

Hour-glass Tumours 
of the Spinal Canal are of 
special interest. These 
grow from the posterior 
roots, and have a spuial 
portion and a larger exter- 
nal portion communicat- 
ing through the inter- 
vertebral foramen by a 
narrow neck (Fig. 240). 

The importance of recog- 
nising tliera radiologically 
is obvious, since they are 
amenable to surgery. 

They are extrapleural and 
situated paravertebrally 


Phlisatlc arrangement of the nuclei may 
be seen. A few have tho structure of 
xanthoma. Malignant degeneration may 

occur. 

SvMPTOMS are mild or* absent; when 
large these tuniours may cause dyapncea 
or irritable cough frorti pressure on the 
tradiea, or dysphagia by pressure on' the 
oesophagus. Pain along- an intercostal 
nciTi'c is rather frequent ; it increases 
in severity if malignant changes super- 
• vcnc; occasionally Homer’s sjudrome 
(from involvement of the inferior cervical 
ganglion) or pain in the arm from brachial 
plexus involvement lias been noted. 

Signs.— Dulging of tbe chest wall may 
nietllnstinal tumours may show no ph)'* 


. — ^Tlir shadow is usually rounded, well 



341 —iledioatmal neurofibroma (hour glass tumour) 



■ siibcutancovis nourofibvomata were 
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or intercostally. Tlie reflection of tlie pletira over tiie tumour may be visible 
in tangential views. Symptoms and signs of spinal compression are present 
if the intraspinal portion is large. Artificial pneumothorax will distinguish 
them from pvtlmonary tumours. 



Fio 243 — Diagrnm 
Keurofibrojoa (After liroten 
ami JIdC'ortfcu \ 


Radioorapjitcally their appearance is very 
cliaracteristic when their situation is realised. 
Tlie writer has seen several eases sliowing a 
tumour, the size of a tangerine orange, projecting 
to one aide of the spine, sliarply defined, and has 
noted a widening of the intercostal space corre- 
sponding with the site of the tumour with slight 
elevation of the rib above it, apparently due to 
rotation of the rib : possibly it results from 
meelianical factors, possibly from nn isolated 
paresis of the intercostal nerve belonging to that 
segment, and relaxation of tlie intercostal muscles, 
allowing tipward rotation of the rib at thepostenoT 
articulation. Localised erosion of the vertebral 


end of the rib and transverse process and enlargement of the intervertebral fora- 
men and narrowing of the iiedlcles also occur. The rate of growth is very slow. 

Multiple Neurofibromatosis. — A'lcntt^cLand J/oycr report a case of multiple 
neurofibromatosis in a young man who had pain in tlie back, weakness, and 


wasting for some 
years X-ray exam- 
ination showed 
large nodular tu- 
mour masses in the 
posterior mediastin- 
um, retro - pleural, 
extending in front 
of and alongside the 
vertebrje for tlie 
entire dorsal region. 
There were present 
scoliosis and mul- 
tiple erosions of the 
lateral aspects of 
the vertebral bodies. 



Fic 244 — Disgrani : Neurofibroma Cl<M»en, Aclit 

hgtett, 16, 5, 103d.) 


heads of the ribs, and many' articular processes. The diagnosis lay between 
lymphogranulomatosis and multiple neurofibromatosis. There were no changes 
in the skin or subcutaneous tissue, no palpable nodules or pigmentation. 

A similar case was published by Gorliizer ; subcutaneous neurofibromato‘>i9 
was present in this case. 
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Neuroblastoma. — Heuroblastoma (neurocj'toma) arising from the sympa- 
thetic is found most commonl}^ in infairts and young cliildren. It maj’- 
OTginate in any x)art of the s 3 un 2 Dathetie sj'stem. It is highlj'’ malignant. 
Irvo cases in cliildi’en of 5 j^ears. each presenting a rounded shadow at the 
rpex, due to primary sNunpathetic neuroblastoma, are described by Rartumj 
ind Rnheri. IMetastases rrere jrresent srrbperiosteaU}' in the long bones and 
dcull. Most cases are not of the hour-glass tj-pe, and prodrrce no bonr’ 
3hanges in the spine. 

The Difperenteve Diagnosis is from malignant tujnorrr of the ribs or 
pleura, sarcoma, endothelioma, or secondarj' tumour. These are likelj' to 
prodrrce invasive erosion in the bone. A ver^’ large sub.Sternal thja’oid ma^’^ 
simulate a nerrrofibroma {Gliaonl) see Fig. 236. The writer has seen a hydatid 
oysi at the back of the chest rrith similar radiological appearances. The cyst Avas 
flattened by contact nith the chest n'all, and was hemisirherical in the lateral 
A^eAr^ A dermoid cyst near the chest wall may also present a similar picture. 

Artificial pneumothorax is necessary to exchrde an intrapulmonary 
lesion. Enej’sted collections of fluid on the chest wall sometimes jrrodrrce 
rounded shadoAvs in the antero-posterior Anew, but they aie rrot so Arell 
defined, are irsuall}'- oval in shape, and in tangential A'ieAvs can usually’' 
be distinguished bj’’ their flattened half-moon shape and bj- their tapering 
off into thickened pleura at their edge. In case of dorrbt, a paracentesis 
should be emj)loyed. 

Aireurj-sm of the arch has to be e.xcluded in some of the upper’ mediastinal 
eases. Absence of prrlsation, absence of cardiac enlargement or of generalised 
aortic enlargement, and the demonstration of an intact aortic arch by fluor- 
oscopy must be relied rrjron to make the differentiation. 

Tracheobronchial Cysts. — These cysts of the mediastinum do not contain 
tissues derived from skin, but are lined Avith ciliated epithelium. They haA^e 
a deA’^elojrmental origin from the foregut, before it is differentiated into 
cesojrhagus and trachea, A tracheobroncliial cyst lies in contact Avatli the 
bifurcation of the trachea, and may reach a considerable size. 

DERMOID CYSTS AND TERATOMA OF THE MEDIASTINUM 

These are tumours of congenital origin. They are rare. In 1929 Robertson 
and Broim found records of 123 cases. Hetier 134 cases, adding four., ^ Iloir 
traced six recent cases and added tavo of his OAvn, Avith radiographic findings. 
Hedblom, in a comprehensive reAuew of 185 cases, discusses tlie setiology and 
classification of these tumours. Those Avhich contain ectodermal dei’iA*atives 
only he classifies as epidermoids ; those AA'hich also contain mesodermal 
derivatives, as dermoids : those containing derivatiAms fi’om all three germinal 
lajms, as teratomata. Most are cystic, but some are solid. The AA'hole group 
is conveniently included under the term “ dermoids.” 
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Pathology 

Dermoid Cysts. — ^Tliese are'Cy&lic'timiours, the walls of Avliich have the 
structure of slcih; the contents are>hair, bify or sebaceous material, cholesterin, 
and occasionally teeth. Rarel}^ tlm wall maj’^ calcify (Fig. 245). They ariseixoni' 
epithelial rests, in developmental grooves and fissmes. The}’’ are ahvays benign. 

TcRATOi^rATA.-^The oiigin of these is disjuited. They are regarded bj^ various 
authoritie.s as {a) representing an included'thoracopagus twin ; (6) arising from 
undifferentiated cells related to the oAUtm— a pai-thenogenetioally developing 
egg (IFibH^); (c) 'Originating front isolated blastomeres in the early stage of 
development (Budde). These undergo limited development in that part of the 
embryo where they happen to lie, and may give rise to tumoui’S in the testis 
or mediastinum. The teratomata sometimes contain chorionepithelioma 
tissue {HammarsljdM) and are capable of metastasising to lung and brain. 
Sarcomatous or carcinomatous degeneration maj’^ also occur in 1 0 per cent, of 
the cases (Lamberl). 

i ^ ' 

Clinical Features 

Dermoids and teratomata occur with nearly equal frequency in the two 
sexes {liedbJom) and are usually discovei'ed at or before the age of 20. 

)Symptoms usually occur before the age oi’ 30. and may result from increase 
in the contents^ di.stension of the cyst, infectioTi or malignant degeneration of 
a teratoma. The tumoui's sometimes enlarge rapidl}* at puberty. The contents 
of a dermoid ej'^st (ham, oily or sebaceous matter) may be expectorated after 
rupture into a bronchus — ^Avith complete cure in rare instances. Subjective 
symptoms are usually those of pressure, such -as pain in the chest or doAvn the 
arm. a sense of iiressiu-e or “ congestion !' AAath irritating cough. dy.spucea, or 
dysphagia. , Haemoptysis (blood-.streaked sputmn) is often present. En- 
gorgement of the veins of the neck or cedema of the" face may' occur. The 
tumour may perforate into jileura or bronchi, and be' encountered during 
operation for empyema. ’ 

A localised fsAvelh'ng of tlie ribs, sternum, or supraVteinal region tind localised' 
dullness to percussion may^ be noted- if the tumour arises, as it usually'- .does, in ' 
the anterior mediastinum. In a case, pxiblished by Fidlcr and Jaggey\-oi a 
dermoid cyst at the back of the chest, at the level of the tenth and -twelfth 
ribs, an external SAvelling was present beneath the erector spinse, as yA'ell as an 
intiathoracic parietal shadow containing a tooth. Aspiration of cyst con- 
tents may'^ reA>^eal sebxun, hair, or chole.sterin. and assist in the differential 
diagnosis from hynlatid cyst. 

Radiological Appearances 

The Der^ioid Cyst shows a smoothly'- rounded, clearly defined, circular 
or oval shadoAv projecting from the mediastmum, usually the anterior,' dl'fM'c’iv 
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Siionally tlie posterior. Sonietimes tlie slindoM is more p^Taniidal. The 
medial aspect blends witli the mediastinal shadow, or may he conneitcd with 
it by a short stalk {Kaalle), l>est shonn in an oblique view. A tooth may 
occasionally be seen within the shadow (Jagger). Fjagments of bone have also 

been observed. After 



rupture into a bronchus 
air and fluid may he 
seen irt it. 

The shadow of these 
cysts i-j variable in 
position. Usually it is 
below tlie level of tlie 
aoitic areb, at mid- 
level, but in cases pub- 
lulled byXieiimflJinnml 
by Cfiaoul it occupied 
tlic superior mediiib- 
tlniim, obscuring the 
aortic knob, In such n 
situation aortic aneu- 
rysm, substeninl thy- 
roid, a persistent 
thymus, or thymus 
tumour arc simulated. 
In n case publUlied by 
Moir it vas someuhat 
triangular and lay in 
the anterior half of the 
chest, extending from 
the second to the fourth 


Duval classified 

Fm 240 — DenuoiJ cyst, lateral tictt The lai^^ c>at, con- them according tO 
tainm.! bonv structures, disnlaees the rtemum fomraitls and the 

l,e.r,Tio,m.ul. pOBltlOll, mto foUt 

groups: (1) Retro- 
sternal, between mediastinal pleura and the sternum ; (2) cervico-retrostemal, 
presenting in the sternal notch ; (3) mediastinothoracic, extending into eitiier 
thoracic cavity , and (4) lateral thoracic, lying largely in either thoracic 
entity. ' The base of the tumour in tlie first two groups is above the middle 
of the sternum. The inediastinothoiacic and lateral may occupy any part 
of the anterior thoracic cavity. In three eases of the 185 reviewed by Hedblom 
the tumour was posterior. In exceptional eases the tumour is entirely lateral, 
and its shadow distinct from the heart and mediastinum. 
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Fig. 247 lelntes to a child of 7. During the routine examination of the 
chest following an attack of measles a large ma.s8 nas found in the left anterior 
mediastinum. It was roughly oval and contained two small faint particles of 
bony density. A diagnosis of dermoid cyst was suggested on this evidence. 
Lipiodol injection showed that it was cxtrapiilmonary, as the lipiodol-filled 
bronchi were crowded to one side by it. Operation showed a dermoid cyst, 
which was removed. It containcrl fragments of teeth. 

Occasionally the tumour extends downwards, and appears to rest upon 
the diaphragm. It may even arise from the diaphragm llledblom). It may 
be .small, about the size of an orange, or extend outwards as far as the chest 
wall, as occurred in one of the three cases described bj' Tudor Eduard?, in 
wduch the cyst was intrapulmonaiy, almost completely filling one heraithorax, 
and covered only by a thin layer of lung tissue. It may also grow in an 
interlobar fissure. 

The rate of growth is usually very .slow . Le]yald has oKserved three cases, 
one m a man of 40, for four years, w ith no change in size, one in a man of 37, 
for one year, with no change, and one in a young man of It), for three years, 
with steady increase during thirty-eight months {from 11*2 cm. to 14-5 cm. 
in diameter) 

An unusual radiological sign was present in the first of LeWuld's cases. 
TJie large globular shadow in the posterior mediastinum fitted into a bed in 
the anterior surface of four vertebno, which were deformed in a ayminetrieal 
curve. There was no localised erosion of the body of eacli vertebra, ns occurs 
in aneurysm, but the vertebral column appeared to have been gradually 
curved to form a bed for the slowly developing cyst. 

Phemister and others found, in a prox’ed case of mediastinal dermoid cyst, a 
fluid-level within the shadow which shifted with change of position of the 
patient This appearance was due, not to air and fluid, but to a sejiaration of 
the fatty contents fiom the aqueous contents of the cyst. The fat, fluid at body 
temperature, floated upon the surface of the other contents ; and, being more 
translucent. ga%'e a shadow like that of an air bubble. The appearance was 
correctlj* interpreted before ojwration, and later confinned by X-ray study of 
the excised cyst and of its contents. The shadow of a hair-ball could be made 
out in these later studies just protruding above the level of the aqueous con- 
tents. The contrast between fat and other contents was insufficient to allow 
the fluid-level to be seen on the screen. 

Teratomata, as described in the literature by most observers, show 
rounded, smootlily contoured sliadows undistinguishable from dermoid cj'sts, 
always situated in the anterior mediastinum. IlayrtmarshjoJd, however, 
describes in his tw o Ci-vses a lobulated Or wavy contour, due to the different 
types of tissue in the wall, and believes that this evidence of irregular structure 
distinguishes them from the cystic dermoid tumours. In all other lespects 
the two conditions are radiologically exactlysimilar. Chorionic tissue is present 
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in about 20 per “cent. In these cases concomitant testicular atroph}* or even 
gynaioomastia may be present. The Ascheun Zondek lest ma 3 f be positive. 

The Differential Diagnosis is from encj'^sted empyema, aortic aneurysm, 
hydatid c^'st. substernal thj'roid, tJijnnus tumour, paravertebral abscess, 
broncliogenic carcinoma, mediastinal tmnom-, lymplmsarcoma, lymphadenoma, 
or other enlargements of the lymphatic nodes, fibroma and lipoma. 

LIPOMA OF THE MEDIASTINUM 

These rare benign tumours resemble dermoids and teratomata, in that 
the^^ occur in the anterior mediastinum and pi-oject into the lung fields with 
well-defined contours. Sometimes the^’’ are unusualh'' fatt}* teratomata, and 
their true nature is then onh'' determined bj* rigorous histological investigation 
of all parts of the specimen. 

Lipomata are sometimes jrartly in tra- and partlj^extrathoracic, communicat- 
ing bj’ an isthmus tlirough the sternum or elsewhere, or extending upwards 
into the neck. Though encapsulated, they are sometinies so large that surgical 
removal is a matter of great difficult^'. A case of mediastinal lipoma has been 
reported b.v Schivz and Gasser. 


FIBROMA 

Twentj' cases of this tumour have been recorded. The,y maj' lie in the an- 
terior mediastinum, or may occur elsewliere on the chest wall. The^v show 
appearances in the X-raj'- indistinguishable from other benign tumours. They 
are, as a mle, circular in outline, but tangential views ma,v show a broad base of 
origin from the chest wall. ]\Iixed forms ma^’^ occur, e.g., Eibroleiomj'-oma 
(Jffcobaevs and Einar Key). 

A case of thoracic fibroma in a female jjatient aged 37 was published b}' 
lies. The rounded shadow la.y in the lower thorax. It was not stated whether 
the tumour was of neurogenic origin. 

RARE CONDITIONS SIMULATING MEDIASTINAL TUMOUR 

In the diagnosis of mediastinal tumour the following rare conditions must 
be considered ; innoriiinate anemysm, cardiac aneurysm, neoplasm of the 
pericardium, pericardial diverticulum, mediastinal effusion, interlobar effusion 
at the upper end of the main interlobe near the mediastinal surface of the lung, 
hydatid ej'^st near the mediastinum, and gumma. 

Diverticulum of the Pericardium. — This is a rare tumour, described bj’^ 
Kienhoch and TFe?a.s. It shows a projection from the cardiac shadow which is 
rounded, sharplj’^ defined, and pulsating. It usually occurs on the right side ; 
the aorta is not enlarged. It results from chronic adhesive pericarditis. One 
of the three patients whom these authors first saw in 1920 has recently been 
re-examined. He shows the appearances -which the.v consider typical. A 
shadow with a convex, slightly lobulated contour projects from the right heartj,.^. 
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bolder. A fine line of calctflcation outlining tlio inner wall of the serous 
pericardium !'« bordered by a thicker outer iion-C4ilcificd shadowofthefibrous 
layer ; in tlie lateral view the 
divertictilinn lies in contact with 
the anterior chest wall. 

Morris, in this country, has 
published a case having rather 
similar appearances. The fine line 
of calcium was clearly visible in 
the radiogram. In the lateral liew 
the .shadow lay over the origin of 
the ascending aorta. It seems 
probable that this case is al^o a 
jicrieardial diverticulum. A peri- 
citnlial origin was considered pos* 
.sible by Morris Jansson describect 
H case of penenrdiid diverticulum 
m a girl of 15. and observ'Cd that 
during inspiration the shadow’ be- 
came long and narrow , init widened 
again on expiration. This “ mould- 
ing ■■ with respiration proved the 
bwelling to bo of a soft or fluid con- 
RiMency, and was a point in the 
differential diagnosis against 
tumour. The diverticulum con- 
sisted of tw 0 pocket?, one of which, 
having a freer communication with 
the pericardial sac, pulsated more 
freely than the other. Tliere was no trace of calcification in the wall. 

Other conditions which are not rare but wliicli may be mistaken for medias- 
tinal tumour are : (1) Scoliosis ; (2) Parai-ertebral abscess m Pott's di«eare of 
the spine ; and (3) A dilated oesophagus in high-grade cardiospasm. The 
differential diagnosis is easy with care. 

mediastinitis 

Mediastmitis may be acute or chronic Abscess may accur from perfora- 
tion of the ccsojiliagus. supjnirative lymphadenitis of tlie mediastinal glands, or 
following trauma. A subacute mediastmitis occurs in pericarditis, pleuii‘*yi 
pneumonia, and syphilis. An abscess cavity with fluid-level may be seen in 
mediastinitis ; and on one occasion the wntersaw barium enter a ragged cavity 
in. the mediastinal tissues, in a case of perforation of an cesophageal carcinoma. 
Chronic indurative mediastinitis with adherent pericardium may occur ; the 



FiO. J48 — XeiirofUironift F 40 Hi^lon 
pain sn<] nrakncriH in right arm aixi 
hand Mi(}.,is rif^lit oi e Trachea and <t>«o 
phagiia ilj'placcil Operation hiotoloKiral 
atnictiire hbioma 
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peritoneum may be involved, with 
perihepatitis, cirrhosis of tlie liver, 
and ascites (Pick’s disease). 

Radiological Appearances. — In 
mediastinitis the mediastinal shadow 
is increased in breadth and in dens- 
ity, particular!}’- in the upper half. 

The contours of the median shadow 
are well defined, and run more or less 
vertically, sometimes showing a 
slight convexity outward {Assmann). 

The strongly convex or lobulated 
contour tj^ical of neoplasm is not 
seen. In the lateral view the retro- 
sternal and posterior mediastinal 
clear spaces may be opaque. 

In chronic jnediastinitis, in addi- 
tion to the broadening and increased 
density of the median shadow, various 
changes may be observed, due to the 
inflammatoiy changes in the peri- 
cardium and pleura. Adhesions be- 
tween pericardium and pleura, loss 
of definition of the cardiac outline, 
pulmonary congestive changes, 
pleural effusion on one or both sides, 
pleural tliickening, a filling up of the 
cardio-phrenie angles, and a limita- 
tion of movement of the diaphragm may be evident. ^^Tiat movement there 
is may leave the heart " suspended " in the chest as a result of mediastinal 
rigidity and shortening {Motion). If there are marked pericardial adhesions, 
an upward movement of the left half of the diaphragm vith each cardiac 
systole, or a similar' in-nard movement of the lower posterior ribs, has been 
obsen'ed. Adhesion between the trachea and aorta may lead to the unusual 
finding of pronounced upward raovenreirt of the aorta oir swallowing. 



Fig. 2*19. — Mcdiustinal abscess following per- 
foiation of o’^opbagns. Carcinoma. Barium has 
entcied the ragged abscess cavity 


H2EMATOMA OF THE MEDIASTINUM 
A mediastinal luBinatoma may result from injury to a large vessel iir the root 
of the neck ; the blood gravitates downwards into the mediastinal areolar 
tissue. The mediastinum is rridened and shows straight vertical borders, as 
desci’ibed under mediastinitis [Lenk). If the hamratoma occurs from rupture 
of the aorta or aortic aneurysm (dissecting aneurj'sm), a more localised widen- 
ing is irresent. Rupture into the pleural cavity is commoir. If due to active®*?*"— 
Iwmorrhage, rapid change in .size of the shadow is to be expected. 



CH^VPTEIl XXXI 

I’RIJURY NEOPLASJIS 01’ THE LUNG 

Cancer of the lung ■would ajJiiear, from a consideration of post-mortem statis- 
ties, to bo on the increase. It is, however, ^sputecl whetJier this increase is 
real or apparent. The statistics are reviewed by Davidson in liis book. Cancer 
of ike Luvff, and the possible fallacies in the statistical evidence are also 
discussed by Iladjield and Garrod. 

etiology. — ^No eati^fnctorj' CNplanation is forthcoming for the apparent 
increase m the incidence of pnlinonaty cancer. Influenza has been arraigned 
as a possible jetiological factor, ami attempts have been made to correlate an 
increase in lung cancer with recent epidemics of influenza , against this view 
the entire absence of Iiuig cancer in Iceland, w Inch has suffered severely from 
influenza appears to bo a conclusive argument. Tuberculosis docs not pw 
dispose, but coexists in about 7 per cent, of the cases [Davidson), rneumo- 
coniosis ordinarily does not predispose to lung cancer, but tliere la one pine 
ejcampl© of an occupational type, namely that wliich occurs among cobalt 
and bismuth miners of Selineel)erg in Saxony, studied by liosfosli, Sanpe, 
and Schniorl 

Incidence. — Priinaiy lung cancer is stated to be four times as common in 
men as m women, and usually occurs between the ages of 40 and CO. The 
writer's experience is that it is fifteen times os common in men as in women, 
and its extreme rarity in the female sex should render the radiologist very 
wary of making this diagnosis, unless the findings are quite typical, in a 
female patient. 

Sarcoma is much less common. Primary chondrosarcoma and osteosarcoma 
may occur in the lung, but arc s'eiy rare. 

Morbid Anatomy and Histology. — Up to recent years two histological types 
of the disease were described : bronchial carcinomata and “ lymphosarcoma 
or “ sarcoma ' of the mediastinum. Tlie latter, being composed of small round 
or oat-shaped cells, was at one time supposed to be sarcomatous, but is now 
accepted, as a le&ult of the worii oI TwrabuJl, Barnard, Dupuid, and SJiewmw, 
as true carcinoma. 

Radiological literature in past yearn reflected this fallacy, and most of the 
illustrated cases of infiltrating tumours e.vtending outwards from the medias- 
tinum, described m the older literature as lymphosarcomata, would nowadays 
be correctly desenbed as carcinomata. True mediastinal lymphosarcoma 
does, of course, exist, but is comparatively rare. 

Carcinoma of the lung may therefore be reclassified histologically as follows : 
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(1) Sql'amous Caroixoma. — Composed of large cells, andsuppo-sed to arise 
in metaplastic bronchial epithelium, it fonns a ha7-d uliite growth in the lung 
root. Metastases are small and discrete, and are usually confined to neigh- 



bouring lymph node.s. The average age of incidence is '46.6 years. Eiving ' 
has described a type of carcinoma arising in the alveoli, the ej)ithelium of Avliich 
is squamous. Karsner and Sdplm state that there is no evidence that cancer 
of the Itmg originate.s elsewhere than in the bronchi'. ' > . .y •. , i 
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{2) Columnar anb Spiieroidal-celled Carctsoala. — ^This may arise in 
tlie bronchial epithelium or raucous glands. The cells are largo, columnar, or 
cuboidal, sometimes muctis-secreting and having a tubular or alveolar arrange- 
ment. The less difTerentiated forms are bulkier, softer, and more wdely 
disseminated. The mediastinal glandular masses are frequently confluent. 
Tliey metastasise freely. Mmse (quoted by Karancr) gives the foIloAving order 
of frequency of .sucli metastnses : regional lymph nodes, liver, Udney, lung, 


msmm 





FiO 2^1 — Specimen camnoma of bronclius- the lumen « nearly Hocked M a 
nodular tumour, n’liicli hav perforated the wall , from this point the tiioease extends through 
the lung lowarfls the apOT 


pericardium, abdominal glands, pleura, brain, adrenals, bono, cervical gland*, 
and heart. The average age of incideuce is 61 years. 

(3) RotTND-CELLKD ANB Oat-celled Td^uours. — The cells are emaUcr 
than in tlio preceding, with large nuclei ; unlike sarcomata, the tumours hate 
M ell-fonuecl blood vessels. Maeroscopically they resemble the columnar type, 
but may be even larger, with a great tendency to degeneration. They are 
higiily malignant and have a lower age incidence (average age JS years). Tliey 
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metastasise freely, to the same situations as the columnar-celled. Verj’’ little 
distinction can be made m practice between the different tj^pes. Radiologi- 
caUy it is hardlj’- possible to distinguish one from another. Ewing and Sante 
have described an “ alveolar ” type, highty malignant, which xapidty converts 
the limg into a solid mass. 

Origin and Spread. — ^The growth usualty starts in the wall of a large 
bronchus, not far from the point of division of tlie main bronchi, and spreads to 
the neighbouring hilar and mediastinal glands. Nodular growths projecting 
into the lumen tend to produce early bronchial stenosis. Flat growths tend to 
spread in the submucosa vdthout alteration. After i^erforation of the bronchial 
wall, the growth may spread rapidly along the peribronchial lymphatics, in 
part accounting for the hairy edge frequently seen m radiogi-ams. Tlie 
bronchi are srrrrounded by cuffs of growth. Nodules may be found upon 
these radiating strands, or on the pleura. 

In a few instances the gi'ovfh originates in a smaller bronchus, well awaj^ 
from the hiluni, and forms a rounded nodule or wedge-shaped infiltration. The 
glands of the hilum are usually affected late and may be little in evidence in a 
radiogram. A baud of mfiltration usually, but not invariably, extends from 
sucli a gro^vth to the hilum, which can be recognised in the radiogram. The 
right lung is affected with greater frequency than the left, and the right upper 
lobe a little more frequently than the others. Kihnili (cit. Davidson) gives the 
following distributions : 

Hight upper and middle . . . . .38 

Right lower . . . . . . 3.j ‘ 

Left upper . . . . . . .31 

Left lower ...... 30 

Distant Metastases. — ^These occur in many organs. Metastasis to the bram 
is frequent, and such cases have been operated ujion in the belief that a primary 
brain tumour is present. The .slteleton, liver, adrenals, kidneys, pancreas, 
spleen, and ovary may also be affected. 

■' Symptomatology. — ^The onset is usually insidious. Many cases have been 
found by chance by radiological examination, often m the course of an opaque - 
meal examination, the leading symptom being loss of weight and dyspepsia. 
The majority of cases, however, have symptoms definitely related to the 
respiratory tract. In the most insidious tjqpe the disease is for a long time 
regarded as a chronic bronchitis. Chronic tuberculosis in elderly, people may 
often masquerade as neoplasm, or vice versa. The writer has seen several cases 
of bronchial carcinoma which dated their illness from an attack of influenza, 
either as a result of coincidence, or because of a sudden exacerbation of symi)- 
toms which had passed almost umioticed up to the time of the influenzal attack. 
These cases are particularly difficult, for the radiological appearances of an 
infiltrating neoplasm and of an inflammatory pneumonitis maj^ be identical, 
judged on a single examination. 
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Tlie t]i';ease may bo uslieied in more abruptly by hrcr»optysi'», or by pleurisy, 
dry or with elTu&ion, the latter tMually bloodstained. 

Covgh, with scanty expectoration at first, is almost invariably present. 
If the recurrent laryngeal nerve is involved, the coiigli is brassy and the voice 



lioarsc. In some cases tlie presence of malignant 
cells in the spiittiin confirms the diagnosis. 
Hmnopiffsh h tismlly frequent and small. IWjen 
bronehiertasis or necrosis occurs the sputum 
purulent or foul. Pain is variable, and usually 
due to inv'olvenicnt of the pleura or ribs. It is 
hometimca of the “ cardiac ” type Apical iieo- 
plasin.s may produce pain in the arm, with wast- 
ing, due to involvement of the brachial plexus. 
DyspyKca. weakness, and loss of weight are perliaps 
the iMo.st frequent symptoms, but dy’spncea is often 
slight in the case of a nodular groivth in the 
pntcnchymn unaccompanied by bronejiostenosis 
or marked enlargement of the mediastuial glands. 
Paroxysmal tachycardia has been recorded (Leich- 
letiner) as a re.>ult of in%'olvement of the sympa- 
thetic and vagus by me(lia.stinal glands. Cyanosis 
IS usually only present in advanced cases, imless 
the 6U|)erior vena cava is obstructed, a complication 
which may occur suddenly or gradually. ' Clvlbing 
of thefvycrs is usually slight or absent. Pulmonary 


Ff<r -MJ — ( iiiotiic In-per 
tronliu iiulmonan ewlfo 
HrthivjiatM ui the ^amo 
co«e as show 11 in Fir 2^3 

the moie malignant the 


ostcoarthropaOiy may occur in cancer of the Jung, 
but IS rare owing to the short course of the disease. 

' TJie duration in tlie majority’ of cases is froai 

MX months to one year. The younger the patient, 
disease tends to be. In raz-e ca«es the duration may be 


two years or over. 


RADIOLOGICAL FEATURES 

TJie radiological appearances are protean. It is impossible to give any 
satisfactory classification of the radiological ty'pe.s, though such classifications 
have been attempted- 

Tlie difficulties encountered in making such classifications have usually 
forced the observer to limit himself to a few primary types. Thus the classi- 
fications of Otlen, Aasmann, Schinz, and recent American writers are, essenti- 
ally, reducible to two main forms : 

(I) Hilar carcinoma. 

{2) Parenchymatous or lobar carcinoma. 
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Other MTiters have included in their classification what are reall}' momentary 
apj)earances or localised anatomical forms of these two. 

The appearances rvhich we see radiologically are momentarj'^ pictures, and 
serial examinations at short intervals of time often show' a rapid change fi'om 
one “ tj^^e ’ ’ to another. To take simple examples, a hilar “ type ’ ’ may rapidly 
become converted, with the abrupt onset of atelectasis, into a lobar form ; 
a nodular parencbjunatous carcinoma maj’’ change in a few’ weelis or months 
into either a “ caveraous ” or difiuse type. In similar periods an atelectatic 
“ type ” may change to a bronchiectatic, or develop an efixisioii. or spread to 
the oi)i)osite lung in difiFuse or nodular fonn. A neoplasm originally confined 
to one lobe, and therefore classified as lobar, may spread to other lobes, or 
become masked b^y effusion, or even sjDontaneous pneumothorax. 

Bronchostenosis may in some ca.oes clear u]) spontaneously, or, more 
frequently, be induced to clear up by radiotherapy. A study of serial radio- 
grams of many cases will eventuaUy lead to a better understanding of wiiat has 
afready happened, is happening, and is likefy to happen in a given case of 
bronchial carcinoma thaii an\* classification, and is essential if we are to under- 
.stand the “ momentarj’ ” jiicture. In anj’ doubtful case, if the patient has 
been X-rayed by another radiologist or hospital, it is very desirable to obtain 
the previous fihn for comparison : much help may be obtained fi-om it, 
especiaU}'^ in the differentiation of cavernous growfli from abscess. 

It is unfortunate that most cases do not come to post-mortem, and that a 
correlation of radiological and pathological findings is so often denied us. If 
we do see a jrost-mortem, it may fail to explain the X-ray ajjpearances which 
have puzzled us, owing to progression of the lesion in the interim. 

The radiological appearances depend upon many factors ; (1) site of orighi ; 
(2) direction, rate, and method of spread ; (3) comiihcations — bronchial occlu- 
sion, bronchiectasis, infection, plemal invoh’ement, necrosis, cavitation, and 
(4) effects of treatment, e.g. paracentesis, bronchoscopy, operative removal of 
the pi'imary tumour, radiotherapy^, pneumothorax. 

The site of origin may be central, in a lai-ge bronchus, or peripheral 

(а) In a branch bronchus, or 

(б) According to Etving, in alveolar epithelium. 

In the centoal ty^pe massive glandular enlargement and earty atelectasis of 
an entire lobe are most likely’ to occur. A great majority of carcinomata arise 
near the first division of the main bronchi and quickly invade the hilar glands, 
so that hilar enlargement is an early sign. If the jjatient presents himself at 
this stage, we see a radiographic picture of the hilar tyrpe (Fig. 253). 

In the less common peripheral tyqie . hilar enlargement is usually' later and less 
massive. The peripheral type, in its earty stages, may’ take one of two forms : 

(a) If a medium-sized branch bronchus is the site of origin, a w'edge-shaped 
area of shadow, w'ith its apex towards the hilum, is seen. It corresponds in 
situation to the bronchopulmonaiy segment involved, and resembles a pne " 
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monic consolidation. It is due partly to growth, partly to atelectasis peri- 
pheral to the grorrth limited to tlie territory suijplled li^'the bronchus concerned 
(6) If the growth nri'^es in a small bronchus, it soon penetrates the wall and 
grows ns a rounded nodule in the lung tissue. This gives rise to the less common 
nodular or lobar type. Atelectasis is not a marked feature, since the bronchus 
of origin is small. The isolated nodule grows steadily in size, and may retain 



FtG J">3 — Bronclnal carcitunna of ‘ liilar type.'* nronchosropy 8Uo»reil primary ia 
left bronchus. 

its rounded form until verj' large, or it may at any stage of growth infiltrate the 
surrounding Iimg, and so show a bluned and fuzzy edge in the radiogram. It* 
some cases the continued grow’th of the tumour converts the whole lobe mto a 
solid mass, and bulges the interlobar pleura towards tlie contiguous lobe or lobe^- 
Although the above subdivision into central (“hilar”) and periphera 
parenchymatous types corresponds in the main with the observed facts, it must 
not be too rigidly applied. Not every carcinoma of a large bronchus gives 
to a massive hilar tumour, nor does it often remain restricted to the bronchia 
lumen. Like the peripheral forms, it may penetrate the bronchial wall carlyp 



Fio. 2r»4. — rirouciiial earoinoniii ia\apax of right lower lohc. Lateral view. The catvinoina, of peripheral origh), oectipioH 

V,, ^ simiiliitin'i liilar (-ai^imoma, pni't of tho apical .winnont of tho lowoc !pb(t. 
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and grow as a circumscribed or diffuse tumour in the lung. A cancer of a 
bronchus and its glandular inetastases, like a cancer of the breast and its 
glandular metastnses, obex’s no.strict laws, ns to relative si/^e of primarj- and 
glands, as to date of appearance of the metastasi-s, or ns to distribution and 
spread of the primary. Lung cancer appears, indeed, to be even more lawless 




l«) tAtprat |ti) I'dUero antpjioi 

*Fio 255 — Carcinoma of iighl uj»pcr lobe Xotc tiie nitact interlobar eeptiiin 
bulged donnwariU )i,> tlie buikj grerath. but oita oo a barrier to itK Kpread M. oi 
symptoms dated from attack of influenza six tnontha previoiixlv 
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in its manner of development and rate of spread, since it finds in the lung 
abundant choice of pathways, and is less vigorously opposed by nonual tissue 

ANALYSIS OF X-RAY APPEARANCES OF PRIMARY CARCINOMA OF 
THE BRONCHI 

There are four primary elements to be considered in attempting to analjse 
the radiogi-aphic picture of tJie common tyiies of bronchial carcinoma. 

(1) The endobronchial tumour. 

(2) The extension of the growth into the liuig. 

(3) Atelectasis in the region supplied by the bronchus. 

(4) The hilar glands. 
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(1) The Endobronchial Tumour 


For descriptive purposes we inaj- consider this as an endobronchial carci- 
noma arismg from the mucosa, usuallj^ from a lai-ge bronchus close to the hilum, 
occasionally from a medium-sized bronchus farther out in the lung. The 
bronchus may, of course, have been invaded from outside by a secondary 
deposit in the neighbouring glands, or. as in a case rei^pided by Boss Golden, 
bjr an endothelioma of the j)leura, arising in the vicinit^^ A'-study'of sixty 


cases of secondary carcinoma of the 
lung by the writer bas produced 
several examples in which this has 
apparently occurred. In these cases 
the description given below would 
apj)ly — that is’ to say, secondary car- 
cinoma may occasionally produce 
X-ray appearances indistinguishable 
from primary carcinoma of the lung. 

The endobronclnal tumour cannot 
be directly seen in a j^lain X-ray 
film. Endoscoi)y is often required, 
and it is a function of the X-ray to 
indicate as nearly as possible v here 
the growth is, for the assistance of 
the surgeon. Its apj)roximate 
position can usually be inferred from 
the X-ray appearances. It may be 
directly demonstrated by lipiodol 
injection which will show (1) narrow- 
ing or irregularity of the bronchial 
lumen ; (2) obstruction of the lumen 
nith a rat-tailed tapering at the .site 
of the growth (Figs, 256, 257). 

The most exact and critical 
definition of the bronchial stenosis 



Fic! 2.)0 — BiOnrfiioI caiTinoina right, lotter 
lobe. Lipiodol show s typical Pairow ing and 
obstruction ('* lat-tniling ”) of the affected 
bronchus. 


is obtained by the serial method 

of Farinas. The desired bronchus is filled through a nasal catheter inserted 
under fluoroscopic control, and serial radiograms, controlled by fluoroscopy, 
are made in the lying position during filling. This method ajjpears to hare 
very considerable advantages over that usually adopted. 

Tomography may be tried, as an alternative or as a preliminary to lipiodol 
injection or bronciioscopy. The writer has found that this method will show 
the bronchial narrowing and obstruction quite clearly in many cases., '.The 
tomogram must be taken in the plane of the bronchus : and .shows the ' ' ' " 
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tion of the trachea, the main bronchi of both sides and their brandies. TJie 
method succeeds in picldng out the bronchus even though the suiToimding 
lung is densely consoli- 


dated, or ■ surrounded by 
effusion. 

(2) The Extension of the 
Growth into the Lung 
This may be local or 
diffuse. It maj’- spread 
]ocall 3 ^ through the lung 
liarench^nUa, aising the 
stroma and alveolar Avails 
as a preformed frameAvork, 
and gi’aduall 3 ' obliterate 
and replace the aBeoli. 
Or it may gi'OAV out along 
the peribronchial l 3 nnpha- 
ties in the form of cuffs 
of peribronchial groAvth 
(Fig. 259), or spread more 
diffusel}’^ b 3 ’' retrograde 
permeation of the l 3 onpha- 
tics of the lung or xdeura. 

The local form appears 
to be the more common. 
Post-mortem examination 
has rexieatedly shoAvn that 
the actual groAvtli does 
not extend A’-ery far out 
into the lung, but iu- 
A^oRes only a limited 
region near the hilum. 



quite incommensurate 
AAith the large shadoAv 
shoAvn in the X-ray. This 
is often the case, even 
Avhen the X-ra}’^ sIioaa's a 


Fic. 259. — ^Spewincii ; Broneliiul cajLinorna. The bion- 
cliial trails are infiltiatecl with £roa th and tlie lumen iiairou ed. 
Xoto lymphatic extension of the growth, sn the form of 
peiihionchiol cuff:,, into lower lobe is well shown. ' 


total opacity of a Atiiole lobe. The greater part of the oxtacitA^ is then not due 


directl3'^ to the gi-OAvth, but to other factors. 

Local extension sometimes folloAvs an_ interlobar fissure, sometimes siu'- 


rouuds and invoh'^es aU the branches of the lobar bronchus, and in not a,feA>' 
case.? is limited to one or tAA'O diAusions of the lobar bronchus, in such a {vdyrh i 
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the actual tumour and the secondary changes occui)^- onl^- a segment of tlie 
lobe. Tliese segmental forms often simulate tiiberculosw or otlier inflamraatorj- 
disease, and ^^ill be referred to later. 


The local e.xtension of the tumour is show n as a shadou , u Inch lies close to 
the hilum and blends with the mediastinum. This is the picture presented by 

more than 60 per cent. 




of all cases nhen first 
seen. It may be : 

(1) Circumscribed, or 

(2) Diffuse. 

(1) The circumscribed 
shadoio projects from the 
hilum mth a uell-defined 
border, and may be semi- 
lunar rounded, hook- 
shaped. oval, or even 
reniform in shape. It is 
unifonuly opaque. The 
vascular shadows are lost 
in it. but the translucent 
bronchi can ho traced 
through it In part the 
tumour tissue may be 
derived from carcinoma- 
tous, traelieohroncliial, 
and hronehial glands, but 
it does not nece.'sarily 
represent a glandular en- 
largement. In any case, 
tumour tissue soon 
breaks through the cap- 


sule of the glands, and 

Fig ’60 — Uronoliial turemoma. hilar hpe with iliiluie the shadow represents 


invading the lung. 

(2) The diffuse sliadmv is of variable e.xtent, usually spreading fanwise into 
a lobo ; its outer margin lias a blurred hairy appearance, due in part to peri- 
bronchial extension of tlie growth, in part to the emergent arterial and venous 
shadows , it fades off toward.s the periphery (Fig. 2G0). Sometimes it forms a 
dense triangular shadow close to the hilum, sometimes it is less dense and more 
^ffuse The circmnscribed nodule may at any time change into the second 
ionn mth a diffuse spreading edge. Ottm (cit. Assmann) has draivn attention 
to a diffure form of jirimar}' bronchial carcinoma, resembling the diffuse form of 
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seeondar}" carcinoma. The \rriter has seen several cases of this type. The 
distinction from an inflammatory lesion is extreme!}’’ difflcult. Clinically 
dyspnoea is a prominent feature. The radiogram may show no hilar mass, 
but merely a shadow composed of radiating strands extending outward 
from the hilum. This form seems to be more common m the lower lobes. 

If the case is first seen in any of the stages just described, it constitutes tlie 
‘‘ hilar tj-pe ” of most vviters. It is usually onl}^ a transition stage. The 
A\u-iter has never seen such a ttimour spread outwards to involve a w'hole lobe 
b}' direct extension. In nearly every case aielectasi.s supervenes before the 
hilar tumour reaches the size of a fist. 

(3) Atelectasis in Bronchial Carcinoma 

This may occiu- in one of two ways : 

(1) By blooldng of the lumen by tlie endobroncliial growth and the 
.suiTormding mucosal inflammation. 

(2) B}’’ gradual eomiiression from Antliout. 

In either ca.'^e it may come on gradually, but more often in the writer’s 
experience it has sujiervened rather suddenly. So&s Golden, discussing the 
question m his paper written in 1924, says that it occurs gradually, and usually 
follow^s the development of bronchiectasis. In a case of endothelioma 
surrounding and con.stricting the upj)er lobe bronchi, published by Bos{> 
Golden, it came on gradually and involved the whole Imig m two months. 
In a second case of a very slowlj^ growmg bronchial carcinoma of the right 
lower lobe, atelectasis steadily progressed over a period of fifteen months, 
and finally involved the whole lobe. In a third case an area of atelectasis, 
limited to the lower half of the right rrpper Jobe, mvolved the whole lobe 
five weeks later. The witer's experience has usually been on the contrary. 
Atelectasis in most cases occurs rather .suddenly, and may be extensive in a 
short period. ' In a case of right upper lobe carcinoma observed by the writer, 
with a hilar mass, the atelectasis, just commencing in the first film. Tad com- 
pletely involved the whole upper lobe three weeks later. In another month, 
following X-ray treatment, the hilar mass had disappeared, and the atelectasis 
had entirely cleared. The prompt result of X-ray treatment suggests that the 
rather rapid atelectasis had resulted from the plugging of a bronchus by an 
endobronchial tumour, rather than from compression from outside. There wa.« 
no evidence of bronchiectasis in this case. 

In other cases a rapid onset of atelectasis and spontaneous re-aeration of the 
lung has been observed by the wTiter. without X-ray treatment. A considera- 
tion of these cases convinces the writer that if conditions are favoinable. 
especially in the ease- of pure plugging by endobronchial tumour, the onset of 
atelectasis may be sudden, and not a coirsequence of infection or bronchiectasis. 
In the case of compression from without it maj’’ occur more gradualh’-. The 
possible influence of inflammatoiy reaction m the mucosa, and of hfemorrhage 
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in the production of an atelectasis must also be considered'. In tuberculous 
disease we loiow that a hsemoptysis may produce' a 'sudden and transient atelec- 
tasis. It is quite iJossihle for this to occur in bronchial 'carcinoma also. 

RadiologicaI/ Sigks of Atelectasis. — In the' lung there is'loss of translu- 
cenej’- of the region supplied 'by the occluded bronchus. This may be a segment 
of a lobe, a whole lobe, or an entire lung. The ojiaeity raaj^ be at first, and for 
a considerable period, subtotal, so that the ribs and some of the'vascular 
mar kin gs are seen through it. Later the shadow becomes denser and usually 
somewhat smaller, and the vessel marldngs are lost. In the 'atelectatic region 
the opacity is homogeneous. Unless the atelectasis is very coniplete, there is 
u.sually a stage at which two elements can be recognised : 

(a) Hear the hilum, the denser shadow of the tumoiu’ and its associated 
glands. 

(b) Extending outwards to the periphery, the shadow of the atelectatic lung. 

Diminution in size of affected lobe is nearly always demonstrable. 

The interlobar margin of an affected lobe should be looked for in a suitable 
projection. It will alwaj'S be found to be displaced towards the atelectatic 
area and is usually' concave. 'Lito the concavity is fitted the adjoining lobe or 
lobes, often emphysematous. ' ' 

Right Upper Lobe Atelectasis. — K the Avhole lobe is involved, the 
postero -anterior view shows characteristic sharp delimitation bj’ tlie upward 
arching, upward!}’’ displaced interlobar margin. In the lateral view the line 
has a form resembling that shown in Fig. 149 (lateral view). 

It frequently haiipens that the pectoral branches escape. The atelectasis 
then fails to reach the anterior pai’t of the lobe or the middle fissure. The 
sharpl}’- defined boundary line is not seen in the postero-anterior ^dew in such a 
case. The lateral view will show a triangular opacity in the apical or axillary 
segments, sharply delimited liy the 7naiv fissure. Conversely the pectoral 
segment may be ajfected alone, or in combination with one of the others. The 
appearances of these partial or segmental atelectases are similar to those of 
segmental pneumonia, Figs. 152, 153. ' J . 

Left Upper Lobe Atelectasis. — If the atelectasis is very complete, the 
lobe may slnink into a small triangular area in the left apical region. Thi.s'gS, 
however, rare with a growth. More often the lobe is bounded by an oblique 
Ime, in the postero-anterior vieu% rumiing diagonally downwards and inwards 
to the hilum, and slightly coiiA'-ex do-wnWards. The line may be displaced 
upwards and inwards from its normal position. In the lateral view the 
interlobar margin is very clearly seen, running diagonally domnvards and 
forwards, displaced forwards, and often concave, cf. Fig. 150' (lateral view). 

In hilar carcinoma, m'th a well-marked liilar mass, and atelectasis of an 
upper lobe, an S-shaj)ed curvature'in the postei'o-anterior vieu* has been pointed 
out by Hoss Golden as characteristic. I’he inner part of the curve, ' convex 
doirawards, is formed by the hilar mass. 'I’he outer ipart, arching upwards, is 
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due to the ictractcd interlobar surface of the nlToctecl lobe. This sign is most 
frequcntl}’ observed in tlie right upper lobe, hut has been noted in the left. 

Lower Lobe Atet,eotams. — ^TJie lobe generallj’ sliriiiks into a triangular 
form. Its outer margin may be distinct, but is often indistinct unless the 
patient he rotated into an oblique position. The reason for this ig demon- 
strated in Fig. 1 38. 

In the lateral view the mairt fissure is displaced dow nw-ards and hackw anU •, 
the posterior cvl-de-iac is ehalloiv, owing to elevation of the posterior part of 
the diaphragm. 

Segmental atelectasis may olso occur in the low cr lobe. 

Middle Lobe Atelectasis.— This lobe may he affected alone by a carci- 
noma blocking its bronchus In the postero-anterior view it shows a triangular 
opacity, bounded above by the hoiizontal fissure, to tJie outer bide by the 
main fissure, which is dispUml inw arils, and not as a rule very sharply defined. 
In the lateral view the typical middle lobe triangle is seen smaller than a normal 
middle lobe, and sometimes reduced to a narrow band. 

The lower lobe sometimes bulges into its concave lower surface. In one 
of the six cases of middle lobe carcinoma observed by the wTiter, the growtli 
at autopsy occupied only the proximal jiart of the Jobe, and nowhere reached 
the surface Tlie X-ray opacity, which filled the entire lolxs, was proved by 
tho autopsy to be due m the mam to atelectn.sis 

Total Atelectasis. — Total atelectasis of a whole lung results in opacity 
of the whole hcmitlioiax. with displacement of the heart and mediastinum to 
the affected side. This is a fairly common occurrence. The trachea is u.siiftlly 
straight, hut directed obliquely towards the base, but it is sometimes curved 
towards the affected side Tliis bhoiild be remcmbciod, because it lias been 
stated tliat this curvature only occurs in fibrosis and not in atelectasis. If the 
atelectasis clears up tho trachea immediately resumes its normal position 
Displacement and curvature of the trachea to the opposite side in such 
eases may he due to one of two causes 
(o) Effusion, in considerable quantity. 

(6) JIalignant tracheobroncJiial glands on tlie affected side. 

If effusion is present in any quantity tlie mediastinum may he dis^jlaced as 
a whole towards the opposite side; more often the effusion and atelectasis 
“ cancel o\it,” so that the heart and metliastinum are not displaced at all. 

Effects or Atelectasis ox Outee STmicTirREs 

The Chest Wall . — The chest W’alls fall in on the affected side, and the ribs 
slope more steeply {“ roof-tiling ”). The intercostal spaces are narrowed. 
This tends to affect the upper ribs only, in ujiper lobe lesions, and the lower 
nhs m lower lobe lesions Scohosis may occur. 

Diaphragm . — ^Tlie diapliragm is. usually raised. It may maintain its normal 
bow shape, but often shows elevation of tlie central part in the cardio-phrcnic 
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angle, wliicli is obliterated by a continuation of the diaphragm shadon* on to 
tlie lower part of the mediastininn. This peculiar shape of the diaphragm is 
difiieult to explain. As-s7m»n sugge.sts that the central peak is due to the 
hepatic reins, but this is impossible, since the hepatic reins join the inferior 
eara in the substance of the lirer, and ha\-e no extra hepatic course. In the 
lateral %ie\v tlie postei'ior part of the diaphragm is elevated in lower lobe 
atelectasis. The anterior end is often raised in middle or upper lobe atelectasis. 
Diaphragmatic movements are diminished. Occasionalh' the phrenic nerve is 
compressed bj’ the growth and paraR.sed, loading to complete loss of doATOward 
movement of the diaphragm or to paradoxical moA'eraent. Phrenic par-alysis is 
common in extensive lesions, and is more common on the right side. 

Meiliaslimim. — ^The ob.struction of air entry in to tlie bronchus by delaying the 
inflation of the lung allows the other lung, which is free to inflate, to occupy 
more than its fair share of the total thoracic space. The mediastinum therefore 
moves across to the affected side in inspiration (Bolzknecht-Jakobson 
sign). Lenl: has shoAvn that this insjiii’atory inovement toAvards the affected 
side may be brought about by a sudden short forcible inspiration (“ medias- 
tinal jerking ”) in cases of partial stenosis Aviiicb have slioAvn no mediastinal 
movement on ordinarA’^ decj) breatliing. Later tliein ma,y be a permanent dis- 
])laeement of tlie heart and mediastinum tOAA'ards the affected side. Lateral 
displacement of the heart is often absent m cases of pure loAver lobe atelecta.«is : 
hut baclcAvard displacement can be obserA'cd in the lateral view. An inspira- 
tory displacement of the anterior mediastinum may occur at the retrosternal 
“ weak spot ” : especially if the re.st of the media.stinum is rigid as a result of 
infiltration by growtln TJie opposite lung then bulges across at this .site, and 
is seen as a translucent area bounded by a curA'ed line ; its anterior position 
is established bv slightl^^ rotating the patient, and noting its moA’cment relative 
to the great A’essels. In the lateral augaa' the ietro.sternal clear space is in- 
crea.sed in antero-postcrior depth. 

Valvular Ohsiruclion. — ^This condition may he observed in the early stage.s 
of bronchial carcinoma, but is rare. The i)OAvcrful inspiratory movement, ' 
due to the dy.spncea. .sucks air into the lung, past the obstruction, which cannot 
be completeh’' expelled. There results an over-distension of the lung, Avith 
displacement of the mediastinum to the sound side in expiration. The appear- 
ances, as in the case of ohstruetion due to foreign body in a bronchus, are 
brought out more clearty by obserA'^ation during forced expiration ; during 
inspffation the condition may not be obAuous. (See Eig. 262.) ' 

I\dien one hemithorax is comijlctely opaque and tlie mediastinum and heai’t 
are draAAui toAvard.s that side, the foUoAA'ing points maj' be of use in distinguish- 
ing between chronic indurative pneumonia (fibrosis of the lung) and massive 
opacity due to gi-OAvth. 

(a) In fibrosis the opacity is often less absolute, and the shadoAV of tho -disf,-.. 
placed heai’t may be Aasible through the general shadovv J-' ' 
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(b) In fibrosis a strong angulation of the trachea towards the affected side 
nia}’ be present. It is indicative of an old apical fibrotic lesion. 

(c) In neoplasm, the trachea is displaced to the affected side as a rule, and 
is iisuall}’ straight, but directed obliquel.y. Occasionally the writer has found 
that while the trachea is displaced as a w'hole towards tlie ojiaque side, there is, 
at and above the bifurcation level, a local bulging of the upper trachea away 
from the opaque side. Tliis is due to enlarged glands in tlie’hilum, and is 
the onty evidence of their presence : their outer edge i.s lost in the shadow 
of the effusion. 

In very rare cases there is a marked mediastinal displacement towards the 
von-opaqtie side due, not to effusion, but to a very bulky tumoin comjffetely 
filling the lung. Sante has described .such a case, due in hi.s opinion to a highly 
invasive t>qpe"of carcinoma Avhich fills the lung without regard to interlobar 
barriers. The witer has seen one sunilar case in which repeated explorations 
failed to withdrarv any fluid, but met evei^nvhere with solid resistant lung. In 
this case the marked mediastmal shift to the oj)posite side maj’ have been due 
to this kind of tumour. (No autopsy.) 


(4) The Hilar Glands in Bronchial Carcinoma 

The first station for the arrest of metastases from carcinoma of a bronchus 
is in the Ijunphatic glands of the lung. Next, the hilar glands and tracheo- 
bronchial glands are affected in succession. Prom here communications lead to 
the anterior and posterior mediastinum. In the anterior mediastminn special 
importance attaches to a group of glands at the division of the superior vena 
cava into the two innominate veins, udth which the phrenic nerve is closely 
related. On the left side there is a corresponding group of glands betAveen the 
aortic arch and the left innominate vein, to Avhich the left recurrent laryngeal 
is closely ajrplied. In tire posterior mediastiirum the Ijnnph channels along 
the oesophagus are important. Here there are fine communications between 
right arrd left sides. Bartels (cit. LenTc). 

Tire radiological appearances inaj* be, divided into three groups : 

(1) The lung infiltration -and lymphatic glands are separatel}^ visible. 

(2) Only the glands -are m'sible. The appearances are then those of a 
mediastinal tumour. 

(3) The lung infiltration is Ausible. but the glands cannot be dhectly seen. 

In the first case the diagno.sis of bronchial carcinoma is usually easy. 

In the secoird case, in which only the glands are visible, the differentiation 
from a mediastinal tumour, lymphosarcoma, or Ir^nirphadenoma may be difficult. 
The age of the patient and the sjnnjrtoms, and the result of radiation, may be 
extremely helpful. Lj'-mphosarcoma is stated (Lenh. Holf elder) to be more 
radiosensitive than lymphadenoma. Carcinomatous glands are verj* inseu^sfr 
trte, but Anil usuallj’^ react to heavy dosage, f '" 
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Some help may also be obtaiived by observation of the jwwition of t!ie 
glands. Lymplmdenoma tends to aflcct the tracheal and tracheobronchial 
glands first, but may be present in the retrosternal and bifurcation glands later. 
Carcinoma tend,? to affect the lower groups first, but may also lie found in the 
retrosternal and paratracheal glands in tlie later stages. Unilateral invohe- 
ment of the glands, when the mass is large, is in favour of carcinomatoui 
metastases, since large lymphadenomntn nro almost always bilateral. 

Thjmius tumours may be impossible to differentiate from earciiioiuatou= 
glands on a single examination. Tlicy" may be unilateral, but if large ate 
generally biUteral. They tend to extend ujiuards into the ncclc, and somC' 
times infiltrate the sternum ; tliey me more radiosensitive than carcinO' 
matons glands. 

Aortic nneurj’sm may be simulated by carcinomatous metastases invoi™^ 
the upper mediastinum, but ns a rule difilculty only arises when the aorta h 
comjdetely embedded in tumour. Careful examination, including n barinrr 
swallow , enables the different parts of the aorta to be seen through, or at the 
edge of. tlie mass, and to be differentiated from it. If the calibre of the anrtii 
is evcrjwrltcre normal, aneurysm may be excluded. An nneurjsm of one pari 
of the aorta is usu.vlly accompanied by some general dilatation of other parts 
Thus in aneiu-ysms of the arch, some dilatation of the ascending aorta i‘ 
present, and vice versa (“ Tlioma-Iucnbook rule Lobar coUapseJuayresidi 
from pressure of an aiieurj’sm upon a large bronchus, but this is raiP* 

In the third case, i.e when there is no lung mass, and no projecting liilaj 
or mediastinal tumour, the presence of the glands ma}* sometimes be detecter 
by careful investigation of the retrosternal and retrocnrdinc siiaoes and of tb' 
bifurcation of tbc trachea, and be indicated b}* the following signs t 

(1) Bisplacenicnt of trachea. 

(2) Displacement or narrom'ng of the a’sopliagus. 

(3) Phrenic paralysis (elevation of paradoxical movement of the diaphragni) 

(4) Evidence of bronchial stenosis, inspiratory mediastinal displacement 

In rare instances the mediastinal displacement may affect only the anteno: 

mediastinum, producing an inspiratory “hernia " in the retro.stemal weak space 
Lenk instances a case of this in which the remainder of the mediastinum is rigu 
as a result of the glandular involvement. Sometimes the bronchial stenosi 

valvular, rc'sulting in relative increase of transhicency of the affected hm; 
m expiration as comjwred with the other lung (Fig. 262). 

Manj’ eases of broncliial carcinoma arise close to the tracheal bifurcatioi 
and immediately spread to the glantls of the bifurcation and the mediastiua 
glands. In their earlier stages such glandular enlargements may entire); 
escape radiological investigation. Later they may form big masses ami proj'ec 
to one side, or both, or give rise to disseminate le.sions in one or both lung' 
The shadow of the glandular enlargement appears first upon the affected .side 
at hilar level, and is usually much more evident on that side, and mayreniaii 
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apparentty confined to it throughout the course of tlie disease. This apparent 
unilateral enlargement, together wdtli the non -involvement or late involve- 
ment of the upper group (paratracheal and tracheal), lieljis to distinguish 
primar^’^ carcinoma from secondary carcinoma, and the primary mediastinal 
tumoms of the h-mphoblastoma group. It must, however, he remembered 
that a visible projecting gland seen in the postero-anterior view may not 
be the only metastasis, and that considerable metastasis may be present 
around the tracheal .bifurcation without anj^ X-ray signs. Evidence of 
tracheal compression or deformity must be sought b}' hard films and oblique 
views. Careful examination of the barium-filled oesophagus, especially in the 
right oblique position, may reveal earty evidence of enlarged tracheobronchial 
glands before these are large enough to i)roject fr-om the mediastinal shadow 
in tlie normal postero-anterior film. JiJvms has pointed out that the indenta- 
tion normally seen just beloAv the aortic impression is due to the left bronchus, 
and not to the pulmonary artery, which is not immediately related to the 
ojsophagus. He also points out how the enlarged glands in close relation to the 
bronchi are lilrelj’’ to deform the oesoxrhagus at this level. Carcinomatous 
glands above the left bronchus indent the left border of the oesophagus and 
displace it to the right ; in the right oblique view the cesopliagus is displaced 
and angulated towards the spine. Glands above the right bronchus di.splace 
it towards the left. Enlarged bifurcation glands maj’- displace it backrvards. 
The sirecial significance of the group of glands at the junction of the innominate 
veins on the right side very near the jrhrenic nerve in irroducing phrenic 
paralysis, and of the “ aortic gioup ” on the left side in producing left recur- 
rent nerve paralysis, has been pointed out b3* Leytk. 

Left recun-ent nerve paratysis is, of course, common in aortic anemysm — 
and maj’’ also occur in tuberculous apical fibrosis. The writer has observed this 
in one case. Phrenic paralj'sis lias also been found to result from tuberculous 
adenopathj' {Ai‘nslein). 

The progress of carcinoma, as considered in the above account, has been 
msualised as an advancing spread from one centre (a) in the bronchial lumen, 
(b) lungvvards, (c) hilurawards, AUth the factor of atelectasis sooner or later in 
eAcdence. This atelectasis may be segmental, lobar, or total, according to the 
size of the bronchus Avhich is blocked, and maj* occur gradually or slowlj^. 
Total atelectasis of a lobe or lung usuallj' results in the blocking of the whole 
supply at one time, but it is not uncommon to see segments of a lobe succes- 
sivelj' affected, as if the spread of the bronchial tumour has involved the orifices 
of the neighbouring bronchi in turn. In rarer instances whole lobes may become 
successive^ collapsed ; thus an opacity which has long remained confined to 
the upper lobe maj’" affect the lower lobe in its turn. 

In the literature the disease is divided into “ hilar ” types and “ lobar ” 
types, according to the site at which the xjrincipal manifestations are presentjat "A 
the time of examination. It is better to retain the term “ lobar ” for t’ ‘ 
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tiunouTs which a]>i>Arently take their origin fiom King tissue or a small jicii- 
plieral bronchus, and grou into noclular or segnientnl forms. Tliese do con- 
stitute a special typo wliioJi have certain clinical and radiological cliaractertstics. 

An examination of the writer’s scries of primary bionchial carcinoma, com- 
prising over sixty cases, shows tliat approximately onc-tJiird sliowed only a 
ciicurascnbcd nodular oiilargeinent, ono-sixth had a hilar tumour uitli jmrtial 
atelectasis of one lobe, oiie-ciuarter Jind a lolwir atelectasis segmental or total, ' 
withoxA visible hxlar mass, and one-sixth had an isolated nodule in the lung 
of the lobar or parenclijinatous type. 

NODULAR FORM OF BRONCHIAL CARCINOMA 

Carcinoma arising from a small bronchus in the lung parenehynia pene- 
trates the bronchial wall and often grows as a rounded nodule, preserving a veil- 
defined outliixe, until it has reached a consideralfie siie, 

CImically those tumours arc distinguished by their mode of onset. Pisp- 
ncea is not an early syrajdom. and may be absent. Pain is rather ill-defined in 
character, but continuous and constant hi position. Weakness and loss of 
TieigUt, or sudden hmmoptysls. are the sjTnptoms of onset. 

The most frequent sites are the posterior segment of the upper Jolw and 
the apex of the louer lobe. Occasionally they occur in tlie basal part of the 
lower lobe. 

When arising in the apex of tiie lower lobe they are often parawriebral and 
overlap the hiliiin in the posteio-nntcrior view ; they may then be mistaken 
for hilar tumours. 

Course. — The tumour usually grows rapidly, and radiograms show definite 
increase in size in a few week.s. They arc uso.illy very malignant : the average 
duratiou of life is about eight months ; whereas t)ie average duration of life 
of a patient with a bronchial carcinoma of a main bronchus is a little over two 
y ears ( Tullh and Woinacl;). If near an mtcrlobar fissure, it causes the latter 
to bulge, and an interlobar empyema may be simulated. TJie tumour rarely 
t-preads across the inteilobar fissure, hut remains confined to the lobe in winch 
it originates. It may grow so large that it entirely fills an upper lobe ; liefore 
thi-a hap2iens, the tumour sometimes shows an infiltrating edge. 

Wlien the lobe is comjdetcly filled with tumour substance the interlobar 
pleiwa may be strongly bulged toward.s the adjacent lobe. Tiiis is most readily • 
appreciable m riglit ujiper lobe tumours. Although the tumour practically 
never spreads by continuity across the mterlobar jileiira, it may invade other 
lobes via the liilum. The outline of the tumour may be nearly completely 
spherical, but more commonly show some degree of nodulation, and in a few 
in.stanees satellite nodule.s may be found in its vicinity { CfJTma/i). KirUln and 
Paterson state that in their series of fifteen proved cases the edge lacks the 
sharp demarcation of a nodular metastasis. The writer has, liowever, seen 
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many examx>les of nodular carcinomata of the lung parenchyma retaining their 
sharply defined contours, though as large as a graj)efruit. On the other hand, 
smaller ones niaj’^ become invasive, and rapidly extend through the lung 
towards the hilum, or the surface, or both. This may occur in the absence of 
demonstrable infection. In other cases, infection may be the cause of much 



Fig. 263. — ^Bronchial carcuioma — ^nodular t^’-po, Pnmary ari=ing in a small bronclius. Con- 
firmed by nutopsj”^ 9 months loter. 

of the surrounding pneumonic shadow, as has been shoivn by Kh'ldin and 
Paterson, Lenk and Moss Golden, with post-mortem verification. 

The nodular form is usually unaccompanied by radiological evidence of 
metastases in the hilar or mediastinal glands. Occasionally a band of infiltra- 
tion is seen uniting it to the hilum. Atelectasis is rarely seen, but may occur 
after invasion or compression of a large bronchus by a parenchymatous tumour. 
Infection of the pleura may occur at any time in the course of the disease, ' ' 
increase of the pain, dyspnoea, and pleural efiusion. Direct spread through 
x-K. I — 25 
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pleura to a rib iuay occur, ami evidence of local rib involvement bhould alv-ays 
be looked for ; tins sign is strongly presumptive evidence of malignancy, and a 
contraindication to lobectomy. 

nodules in primary carcinoma of a bronchus are rare. They are 
due to lymphatic dissemination, and occur in tlie same lung. Very rarely 



Fio 264 — Prunary carcinoma. an->ing in a amall bronchus in riillit lower lobe. F. 57. 
Six monthV liistory of repealcil doily vomiting, latterly of cerebral type Deolh from cerebral 
nieta&ta'ua 


invasion ol veins of broiicliial arteries or of the heart itself may lead to hscniafo- 
genous dissemination. 


CAVITATION IN BRONCHIAL CARCINOMA 
Cavdtation may occur at any stage of bronchial carcinoma. It may be due 
to necrosis of the tumour or be bronchietatic. 



Fio. 2C.7.*--iSp£‘oimeTi. ! , Sqimihoiif; 
epitljoliowa , of Itiofi:- ’, T}i'o gi'o,W-l h ' i*; ' 
nooi-osiiig, forming' _a -Ifirgo into; > 

which project' ' irregular niaaneH of <’ 
gr owth. The wall in coinpo.-sed ' of a 
ihiek layer of grtm tlh Such cavities 
may fail to show in a radiogram i 
.sometimes the thick irregular wall and 
projecting nodules can hr.* recognised. 
(Pathological Mu.scum. Tietoriw Uni'- 
versity, Mancho.stei'.) ■ ■ . 


Fig. .S till. — Thick-wallorl eavemom. aeo- 
plahin. of lung.', Hro.sion of the overlying rib 
wail pre.sem . Biopsy; scjuainous epithelioma. 


drainage bronchus^ in.sufBcienfc air enters the cavitj^' to be seen in the radio- 
gram. Lipiodol may, for the .same- 3(eason.s, be unable to enter tlie 
In many instances, however, careful inspection of the opaque area vrill show one 
or more translueent-areas, due to cavitation. Necro-sis in the nodular pa.renchy- 
matous tumoiirs is fairly common. . . The resiilt is a cavernous, neoplasm. 
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characterised bj’ a sharply defined, occasionally lobulated outer contour and' a 
thick and irregular AvaU, sometimes sho-wing' nodules pro jectmg into the lumen 
of the cavity fPig. 265). Fragments of broken-down growth may sometimes be 
found in a malignant carity. -Such sloughs are not diagnostic of malignancy. 
They may be found 
in lung abscess _at 
operation. The- 
differentiation from a 
lung abscess is at. 
times impossible, and 
manv mistakes have 
occurred. A lung, 
abscess is, as a rale, 
surrounded bj* a zone - 
of pneumonitis, 
gradually fading off 
at the periphery,. and 
rarely shouts a well- 
defined outer edge. 

Multiple lesions are 
more often due to 
abscess, and are 
easily distinguished 
from multiple meta- 
static nodules -srith 
central necrosis. But 
no absolute rules can 
be laid down in the 
differentiation of 
these conditions ; it 
would be easier to 
indicate many points 
of similarity between 
them ; for a cavern- 
ous neoplasm is, m 
fact, a lung abscess, 
the wall of which is 
composed of neo-r : ' - - " ; 

plastic tissue instead of inflammatory- .tissue; Thiclvness'-bf , the' wall is .no. 
criterion, for this simply depends on the relative size of the necrosed ceritee 
and the, as yet imaltered, peripheral part. Thus we may fiiid necrosing 
nodular cancers of the Iimg with walls of any thickness^ diminishing, with time . 
until necrosis has caught up \rith growth. , The wall maj^ then be no more than . 


Fig, 26S.— Cavernous type of bronchial carcinoma. 'M. 5S. 
Several months’ dy-spnoia, Jo.ss of ■, -weight, cyanosis, broncMti.s. 
Autopsy : Carcinoma occluding right lower main bronchus ; ' malig- 
nant abscess of lung, with hregular necrotic walls formed by growth. 
Bronchiectasis. '■ , 
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a few millimetres m thickness, anti the lesion may resemble a chronic abscess 
or e\*en a tuberculous cavity. 

Sharp definition of the outer w all is a rather more reliable sign, but does not 
exclude an abscess. Old chronic abscesses may have \i ell-defined walls, and re- 



Fio 260 —Specimen Uromhutl •ain 
iioros, witii ra\itation Tbero is a InrRo 
“ para-malipnant ” rnMty (arrowoi). the 
walls of which are not entireh compoM*«l af 
prowth but til a great erf cut of mfcrtfNlIiinp 
Maiiv bronchiectatie caMties ore pn>*ent m 
the lower lobe (Pathological Ulii-ieum, Vic 
tona UniierMti, Manchester.) 

proccs';es, ttbile in abscess the suironn 


centabscessesinthepre-nocroticstago 
may be sharply defined. Fig. 105 
shous an abscess nliich tliree uceks 
later ruptured into the plcum , in the 
early stage it is radlologically indis- 
tinguishable from a carcinoma. Jlost 
stress must be laid upon the rate of 
change of the appearance, uhich is 
rapid in recent abscesses, relatively 
stuwiii neoplasm. The clinical history 
and signs, and character of the 
sputum {uliich is sometimes not foul 
in catcrnoiis neoplasm), usually do* 
cide the question. 

The difficulty of deciding whether 
the X-ray appearances aro due to a 
malignant ornon-nmlignnnt condition 
is increased by the fact that there 
may be a para-nialignant ” nh8ces.s 
in the hmg. due to tlie breaking- 
down of an area of infective pneu- 
monitis adjacent to the actual growth 
(see Fig. 209). 

Chaoul and Greintder believo that 
tomography uill sometimes dis- 
tinguish betn een abscess and grow tb, 
the surrounding lung being homo- 
genous in groM-tli (atelectasis) and 
fading off towards the peripliery, or 
extending outwards in strand-like 
ng lung has a mottled ajipearance. 


BronchiectatiC Cavitation 

Bionchiectatio cavitation follows bronchostenosis, and is only seen in 
carcinoma of the larger bronchi. Theusual sequence of eventsis bronchial sten- 
osis or occlusion, atelectasis, infertion, perforation of the bronchial nail with 
multiplied ragged cavities. These cavities are nearly always hidden by the 
atelectasis, though careful search ^vill occasionally demonstrate translucent 
areas in a collapsed lobe. In one personally observed case a homogeneously 
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■'i'jo. 270.--i3roiicliial carcinoma with malignant abscess. Tomogram of tho same caso ; tho abscess shows clearly. 

Straight radiogram. Tho abscess cavity cun bo scon onlj' with Its walls aro irrogidar, A nodulo projects Irom tho hihun into 
dittloiilty, its medial side. 
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atelectatic left upper lobe was six weeks later found to be riddled \rith cavities 
of an inch or more in diameter. 

MALIGNANT PLEURISY IN BRONCHIAL CARCINOMA 

The pleura may be directly involved early or late in the course of the disease. 
Multiple small pleural foci, or a few larger nodular foci, may be present, but 
are themselyes invisible in the radiogram. The commonest result is pleural 
effusion, often hemorrhagic, which lends to obscure the actual gro'vth, 
particularly when this Is basall^' situated. The diagnosis of neoplasm is, 
however, always suggested if the heart and mediastinum are not displaced 
towards the opposite side (as a consequence of underlying atelectasis). An 
attempt to uncover the tumour by withdrawing the effusion by simply tapping 
often fails, because even the withibawal of large amounts of fluid fails to alter 
the level of the effusion appreciably. The cheat wall falls in ; the space to be 
occupied by the fluid is thereby diminished, and the residual fluid is still fotmd 
spread over the base of the lung. 

^ Better success attends n gas replacement of the fluid. Tlie writer, with 
R. Williamson, investigated a number of cases of effusion air replacement in 
1023. Tins method enables a far more complete drainage to be effected, and a 
neoplasm pre\*iously hidden by fluid may be thus brought to light. If, how- 
ever, the lobe is much collapsed, It may be too opaque to prevent any 
differentiation between lung tissue and the growth. 

It is sometimes possible to demonstrate a hilar growth after partial gas 
replacement of the effusion by lying the patient on the affected side, and 
taking a postero-anterior radiogram in tliw position The fluid gravitates to 
the parietal wall and uncovers the Iiihim region, where the groivth may then 
be found. Less commonly a peripheral growth may be thus demonstrated 
with the patient lying on the sound side. As a rule, even these manoeuvres 
fail to clear up the diagnosis. 

A few of these cases showed evidence of extensive pleural adhesions ; the 
fluid then tended to collect in pockets of adliesions, showing multiple fluid- 
levels throughout the hemitliorax. This occurred principally in extensive 
growths in which the entire lung was opaque. Such fluid -levels are occasionally 
seen after ordioacy pacacenteais, when aic has accidentally entered the thorax. 
In the bght of experience witli air replacement, the writer feels certain that they 
are evidence of pleural adhesions ; after tapping or air replacement malignant 
effusions rcctw rapidly : tiie original quantity of fluid may again be present in 
a few daj’s. 

The effusions are not always malignant. They may be simple transudates, 
or purulent. In the former case they may become absorbed. Pathological 
examination of the fluid is often of great value. It is often hajmorrhagic 
and may contain malignant cells. These are more readily found if the fluid 
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is centrifuged after the addition of blood-serum. Tiie fibrinous clot collects 
the cells, and these ai-e seen in histological sections of the clot (Chrislie). 

The writer has observed a case which exemplified the variable radiological 
appearances which may be given by a neoplasm under different conditions. 

The first examination showed a hilar tumour : this was followed by an 
effusion : the bemithorax was then completely ojmque, and the mediastinum 
bTilged towards the opposite side. After tapping, the effu.sion became absorbed, 
and the hilar tumoiu- was again seen, larger than before. After a further 
interval atelectasis supervened, and finally a further effusion. The hemi- 
thorax was again completely opaque, but on this occasion, oA\ing to the atelec- 
tasis, the displacement of the mediastinum v'as to the side of the lesion. 

In the first opaque stage distinction from a simple effusion Avould have been 
impossible ; in the second distinction from fibroid Imig would have been diffi- 
cult, but for the previous knowledge of the existence of hilar growth, 

Le?ikand iTcrZcy have pointed out that if an effusion is masldng an atelectatic 
lobe, and if phrenic paralysis is also present, the diaphragm on the affected side 
is depressed b}*- the effusion. On the right side this \rill depress the liver, which ^ 
is felt below its norma! level ; on the left side it will depress the gastric aii‘ 
bubble. Under these circumstances it is possible to diagnose the presence of 
effusion in doubtful cases. 

SUPERIOR PULMONARY SULCUS TUMOUR 

A puhnonary carcinoma may arise at the extreme apex and show a rounded 
supraclavicular shadow, extending later below the clavicle. Such a tumour 
grows rajjidl}' and erodes the first rib and spine, and jwoduces characteristic 
pressure signs upon the braclual plexus (VIII Cervical, and I and II Thoracic), 
causing pain in the arm and wasting of the hand. If the cervical sympathetic 
is also involved, Horner's syndrome (ptosis, miosis, enophthalmos, and 
anidrosis) is also present (see Pig. 271). 

This tumour has been described ^by Pancoa^i, who saw seven cases, as the 
“ Superior pulmonary sulcus tumour.'’ He believed that they arose from 
branchial clefts. Connolly in this country has pubfished a similar case with 
autopfsy findings. The histological structure was that of an adenocuboidal 
tumour, almost certainly a primary carcinoma of the limg apex. 

Not all such apical tumours are, however, of pulmonaiy origui. The writer 
saAv a case of a large roxmded subclavicular tumom' in the left apex projecting 
doxvn into the lung field with a rounded lower boi’der, which was an enlarged 
cerrical gland, in a case presenting multiple glandular metastases, the primary 
growth being a teratoma of the testis. The upjjer pole of the mass was 
palpable in the neck. There was no rib destruction. The trachea was mark- 
edly displaced, but the mass did not reach dowm to the main bronchus, nor did 
it involve the tracheobronchial glands. ‘Jhvo other cases of secondary ma,lig- 
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nancy of glands in the neck showed a largo apical tumour, extending down- 
wards into the apical region of the thorax, m'th erosion of the first rib and 
brachial plexus nerve involvement. Involvement of tlie brachial plexus and 
of tlie cervical sympathetic, the latter producing Homer’s syndrome, is not 



confined to the so- 
callcd ‘‘sulcus 
tumour," but may 
result from tumours of 
the nerve sheaths or 
of the 8i)ine, tumours 
and malignant lymph 
nodes in the neck, 
trauma, aneurysms, 
mediastinal tumours, 
and pulmonary tuber- 
culosis. 

Since Paneouat 
deBcribed the “ Su- 
perior sulcus tumour " 
in 1932, many uTiters 
have contributed 
e.vnmples of tumours 
in the same situa- 
tion (Fried. Jacox, 
Steiner and Francis, 
Clarke, Oraef and 


Fio 271 — Carcinoma oiJtitpjing the right apex ' Superior 
pulmonory sulcus tumour " of Pnnco«'-t Note arotuoii of first 
to thirU upper Tibs F 75 Complaint pam m shouUler awl 


Steinberg). 

Jacox' s case nas 
an adenocarcinoma. 


arm Adenoparcinoma of peripheral origin 


With mucin - forming 


cells, Clarke's an 

epidermoid carcinoma adherent to. but not in, the lung apex. 

Gtaefs case was an invasive carcinoma, extrapulnionarj’ ; histologically 
it shotted in some places an alveolar structure, in others a squamous 
epithelial atrangeinent. 

Apical fibroma of tlie pleura, neurofibroma, hsematoma, tuberculous abscess 
of the lib, sarcoma, and encysted apical empyema are other conditions tthich 
may have to be considered in the difTerontial diagnosis, since they may produce 
similar shadotis 


THERAPEUTIC TESTS IN BRONCHIAL CARCINOMA 
The result of deep X-ray therapy in a case showing compilefe atelectas of 
one lung is occasionally astonislung. The administration of an adequate dose 


PRBIARY. KEOPLASMS OP THE LUHG 


395 


to the affected bronchus and the trancheobronclnal glands is in some cases 
followed by a complete disappearance of the opacity. 

‘ The emphasis which in the literature is laid upon the factors of infection and 
plem’al thickening in producing a radiological picture of total unilateral 
obscurity often engenders a feeling of pessimism ; the radiological appearance 
is apt to suggest tliat the underlying lung is “ dead.'! possibly'^ riddled udth 
infection and enclosed in a laj’^er of grossly* thickened pleura. Such a condition 
may, of comse, exist, and the witer has seen it at autox)sy^ But it cannot be 
inferred itom the radiogx’am alone that this has occurred : X-ray treatment,- by 
reducing the size of the endobroneliial tumour may quite rapidly restore the 
patencj’ of the bronchus, for a time at least. The lung re-aerates, hnd allows 
the hilar mass to become Ausible, sometimes much reduced in size.’ 

This therapeutic effect is not obtained without heavy radiation, and if it is 
decided to employ it, half-measures are useless. In several cases, however, 
the writer has obserA'^ed complete resolution of a total atelectasis, AA'liich had 
resulted from obstruction of a main bronchus. In the case shown in Pig. -20 1 
radiotlierai)y had been employed. The atelectasis later recm’red and the 
patient died of his malignancy. 

PRIMARY SARCOMA OF LUNG 

It has been doubted by many authors Avhether primary sarcoma of the 
lung occurs. The histological distinctions are not always clear. One 
autop.sy series {Lenz cit. Lenh) shoAv only one primary lung sarcoma but 
.57 primary carcinomata in 5,600 autopsies. Lenk saw 100. A^erified carci- 
nomata, but only one sarcoma. The A\Titer has seen only one A’^erified 
primary sarcoma (fibrosarcoma) (Pig. 272). 

The tumour arises itr tire peribronchial or puhironary connective tissue, or 
in the Ijmrph glairds. It may be round or siriirdle celled, or a lymrphosarcoma. 

It rrsuallj'^ forms a rounded rrodular Avell-defined tumour or may’’ be encapsu- 
lated. It may’^ inAmlve a whole lobe and. like carcinoma, tends to respect the 
interlobar pleura. Broircliostenosis is i-are. CaAutation seldom occurs, 
iffetastases are uncommon, but may’’ be foimd in the Ih^er. Pleural invoR’-e- 
ment and hsemorrhagie effusiorr are relatively common. 

HYDATID CYST OF THE LUNG 

Though of parasitic origin (Taenia echinococcus), hy’^datid cysts may^^ for 
radiological purposes-be considered among the tumour-s of the lung. It is not a 
rare disease in this country’’. JBmiUford comments upon the ease Anth Avhich 
slaughterhouse conditions might alloAV transmission from sheep, &equently 
infected, through dogs to man. ' It is very common in Australia and Xcav 
Z ealand. In Iceland it has been carefully studied by Claessm. In man the 
path of infection is through the alimentary tract : tlie embryos set free fcfi “‘v#. 
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the ova usually reach the liver through the portal vein and develop there, but 
may pass into the general circulation and thus reach the lungs. 

Devi, by experimental injection into the bronclii, has shown that it may 
develop from inhalation ; he has also sliown that a primary’ cyst, if fertile, 
may reinfect the host after rupture, without an intermediate host. Hebert 
has, however, shown such secondary cysts to be rare. 

Of all hydatid cysts, 75 per cent, occur in the liver, and only 8-12 per cent, 
in the lung. Many cases of “pulmonary” hydatid cysts, diagnosed on the 



Fio 272. — Sarcoma of lung (operatton) Lateral Gro\rth ronfinetl to left 

F, 24 Figlit weeks' pain m chest and loss of upper lobe, btilguig the mam fissure 

weight Slight cougli 

evidence of expectoration of “ grape-skin ” sputum, are really instances of liver 
cysts which have ruptured into the lung. Bile may be present in the sputum 
in such cases, and give a clue to the otiguv oC the cyst. 

Radiology has greatly helped in the diagnosis of pulmonary hydatid disease. 
It must be supplemented by immunological tests, precipitin, complement 
fixation iBordet-QenQOu), and intradermal (t7asoni}. The latter consists of an 
intradermal injection of prepared sterile hydatid fluid. The complement 
fixation test is said to be positive if the i^’st has ruptured, negative if it is un- 
ruptured or dead. The Casoni test is positive in over 90 per cent, of uncom- 
plicated cysts. Eosinophilia is often present. Paracentesis should be 
avoided. Clinically the disease may show a prolonged latent period, with 





Fig •■’73 — and (b). Hvdatid cysts in right upper and loft lovper lobes, (c) Same case after , 
removal of cysts the space; previously occupied by the cysts are shown as air contammg cavities 
JLotmdedbymduratedlungtissue. (d) Four months later: the cavities have almost disappeamd. 
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lisomoptysis, stitch-like pain, and cough,, and -ntay simulate tiihcreiilosis, 
pleurisy, or neoplasm. The cysts <lo not grow very rapidly in the lung, hut can 
reach a tliameter of 2 inches within a year {Tudor Edtrards). 

Radiological Appearances. — Tlie right lung is more frequently affected than 
the left {Claesnn). The classical appearance Is that of a circular shadow, 
siiarply defined, with no reaction in the surrounding lung parenchj’ina. It 
should, liowever, he noted that this classical circular form is not aluays present. 
Often it is oval or ovoid. It may hccome more oval on deep inspiration 
(" Esnfdero-Ktminow ” sign). It may be modified (a) by the presence of the 
cj’st in a confined region of the tliorax ; {b) by mutual pre*sme of two cysts ; 
and (c) by position adjacent to parictes, interlobar pleum, or mediastinum. 
In this case the cyst may show one side flattenwl and continuous with the 
parietal, interlobar, or mediastinal shadow. If parietal, it will then have to 
be distinguished from pleural fibroma, sarcoma, or parietal encysted effusion. 
Occurring near the mediastinum, it will simulate aneurysm, mediastinal tumour, 
or dermoid In the lung it may resemble nn interlobar effusion. Fki^chner 
lia.s met witli a case which was actu.illy interlobar. After nqiture into fl 
bronchus and partial evacuation, it will simulate an abscess. Irregnlnrities 
of contour, due to jiortions of the cndocyst projecting above the fluid, may be 
seen Andason h.as demonstrated the separation of tlie cyst membrane fiom 
the surrounding pericyst after puncture. Some air had entered tlio easily. 
Hi.s racliogtam showed a hori7.ontal fluid-level ; above this a circular air 
hliadow demarcated from lung by the arched shadow of the pericyst. Below 
the latter was a second arched line, due to the collapsing cyst membrane. 
After death of the parasite the cj-st Iomjs its’sharj) definition in the radiogram, 
and may calcify, Tiie calcium is dc|)oaite<l superficially in tlie filnous ectocyst. 
If the cyst suppurated, the well-defined contour is also lost. 

After complete evacuation, or after operative removal, a circular 
ftir-containing space may remain for a consideraiflo time, surrounded by a 
thin wall of condensed lung tKsue, resembling a chronic tuberculous cavity, 
or congemtal cyst. It gradually disappears. 

In a case published by Bromley, the cyst, which Avns in contact with the 
anterior chest wall, showed a very irregular shape in the antero-postcrior view 
— resembling the w’ing of a butterfly, possibly duo to some effect of local pres- 
sure. In a case observed by the writer, an irregular triangular shape was due to 
collapse of the cyst after rupture into a bronchus. A hydatid of the liver, if 
superficial, jiroduces a dome-shaped local deration of the diapliragm into the 
thoracic cavity. If the cyst is deeplj' placed in the liver, the diaphragm is 
raised as a whole. Artificial pneumoperitoneum may assist in the diagnosis ; 
in a case observed by the writer, the sliadow' which filled the lower two- 
tbirds of the right liemithorax was in tliis way proved to be due to an intra- 
bepatic cyst. 

Anderson draws attention to a radiological sign which may be present in 





400 


BESl*mATORY SYSTEM 


cases of hydatid cyst of tlie liver, namely, increase in the lung markings 
extending upA^ards from the liver to the lung root. He suggests that it may 
be dvie to an irritative lymphangitis. 

Hydatid cysts of the lung may occur in any situation. It 1ms been sug- 
gested that they are more often posterior in site, but cases have been published 
shoning apical, dorsal, anterior, Imsal, or mediastinal positions, and they often 
occur near the peripherj’. 

Hebert has collected a few cases of secondary' bronchogenic cysts, resulting 
from leinfection of the host from a primary ruptured cyst, Avliich may he in 
liver or bone. These show multiple rounded nodules resemblmg nretastascs in 
the lung. Multiplicity is common. As many as seven or eight cysts have I)een 
observed grouped like a bunch of grapes around the larger bronchi [Tillier). 

SIMPLE TUMOURS OF THE LUNG 

These ate very rare. Chondromata, lipomata, and fibromata have l>een 
reported. 

Chondromata of the lung have been described by HirKeij and Simpson. 
The radiogram shows a u ell-<lefined. rounded, or slightly lobulated sliadow in 
the lung, which may show a dense calcification in the interior. Kerky has 
recently seen two chondromata, one arising from the mediastinum on the left 
side, and one in the riglit lung Of these, the first uas verified by operation. 

A case of fibroma of tlie lung is quoted by Sante. It probably arose as a 
fibrous deposit arountl a suppurative focus, since a lung absco.ss cavity was 
found in the centre surrounde<l by many layers of thick fibrous tissue. 



CHAPTER XXXn 
JIETASTATIC TIBIOURS 


PATHOLOGY 

Langenbecl', iu 1S40, produced growths in the lungs of dogs, by intravenous 
injection of fresli tumour material, and Tfe?7, Iwasahi, and TakahasM have 
verified these experiments in rats and mice. Many of the tumour cells injected 
into the blood-stream perish in the lungs, and their degenerated remains have 
been demonstrated histologically in the puhnonary vessels. The more highly 
differentiated squamous-celled and adenocareinomata fail to grow in the lungs, 
wliile less differentiated and rapidly grorving tumoiirs grow more readily and 
give more “ takes.” Secondary 'neoplasms of the lung may arise in the following 
waj^s (IFiZlis) : 

A. Direct Non-metastatic Invasion 

(i) By contiguity, (ii) Via lymphatics.’ (iii) Via puhnonary arteries. 

B. True Embolic Metastases 

(i) Via pulmonary or bronchial arteries, (ii) Via bronclii (aerial metas- 
tasis). 

A. Direct Invasion 

(i) IxvASiOK BY CoxTiGtriTY is seen in primary intrathoracic or cervical 
grovdhs, e.g. thymus, oesophagus, or thyroid. It may occur from mediastinal 
lymph -nodal growths. Breast carcinoma and pleural carcinoma may spread 
directly to the lungs. Abdomiiral tumour’s may invade the lungs directly 
through the diaphragm, or reach them from a cancerous thoracic duct. 

(ii) Im’’ASiON VIA Lymphatics. — ^Deposits of cancer m hilar and tracheo- 
bronchial glands obstruct the normal efflux of Ijnnph from the lungs and then 
extend by retrograde permeation of the pex’ibroncliial and subpleural lym- 
phatics ; this extension may be limited to the hilar region, or extend widely 
through the whole lung in fine tumour cords, accompanying bronchi and veins, 
forming a dehcate network in the lung parenchyma; and ramifying in the sub- 
pleui'al lymphatic plexus. On this network of tumour cords through lung and 
pleura, nodular thickenings may occur at the main junction points, which may 
grow and invade the lung. A continuous extension by permeation may be sup- 
plemented or replaced by an embolic transference through lymphatics in which 
as a result of local block, the usual direction of lymph flow has been reversed. 

x-B. I — 26 
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The primary tumour moat often responsible for lymph-vessel cancer of the 
kings is gastric carcinoma, which reaches them via the ccclinc and posterior 
mediastinal groups of glands. Other primary' tumours winch may’ give rise 
to this form are carcinoma of the breast, of the Jnng itself, gall-bladder, and 
prostate. Lympliatic permeation of the lungs from a carcinoma of the tongue, 
though rare, has been tlescrilied by Euiug. 

(iii) IprvA.sroK or PoutoxARY Arteries, — ^This is rare. Intravascular 
tumours w Inch have spread along the wiia cava into the right heart may con- 
tinue to spread intravascularly' into the pulmonary arteries. This has been 
recorded in teratoma of the testes and intravascular chondroma. Tumour of 
the left auricle may grow into the lunga along the lumen of the pulmonarv veins. 

B, True (Hiematogenous) Metastatic Tumours of the Lung 

These result most frequently from tumour invasions of the systemic veins, 
bometimes from invasion of largo lymphatic trunks or thoracic duct, and 
occasionally by invasion of the lieart walls. The emboli are in all cases dis- 
seminated by the pulmonary arteries and grow in the hmg. It is possible that 
the broncliial arteries may in some cases be tbe path of dissemination, and 
)YiUia suggests this explanation for the scattered discrete metastases in both 
lungs occasionally found accomjwnying a primary growth of one lung. The 
emboli in this case enter the bronchial arteries via the pulmonary’ veins and 
left heart. 

Frequency of Metastatic Tumours in the Lungs 

The lungs are the most frequent scat of metastatic grow ths for almost all 
malignant neoplasms, except those arising in the portal area. HWis believes 
that blood-borne lung metasfascs occur in approximately tlie following per- 
centages in various groujis of tumouis . oral ami pliaryngeal carcinomata 30, 
oesophagus 20, stomach 20, intestines 15, li\-cr 20, pancreas 20, breast 45, 
uterus 15, ovary 10, prostate 35, thyroid 65, kidney 73, melanoma CO. bone 
sarcoma GO, chorion carcinoma 70. 

If all malignant grow ths are consideretl together, pulmonary metastases 
occur in about 30 iwr cent. 

Gross Appearance of Metastatic Growths in Lung 

These may’ be single or multiple. The largest number is usually seen in 
melanoma, sarcoma, and chorion epithehoma. Sometimes they aie all ot 
equal size ; in other cases they’ are of difTcrent sizes, suggesting embolic inoeuia- 
tions of different ages. Solitary metastases are more often basal than apical 
IVIiliary carcinosis, in w hich tlie lungs ate uniformly studded by a profusion of 
minute tumour nodules, is a rare form, sometimes mistaken for miliary tuber- 
culosis. This form arises from mvasion of a systemic vein of the thoracic duct. 
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Most metastases are splierical and sharply defined, are &m and nniform 
in texture. Those derived from osteosarcoma may contain osteoid or even 
fully calcified bone. Central necrosis and liquefaction is fairly' common, though 
cavitation from discharge through a bronchus is less common in secondary than 
in primaiy lung tumours. 

Method of Extension in Lung Tissue 

Extension may occur in the lung by one of tAvo routes ; (a) intra-alveolai*, 
and (b) intemlitial. 

(а) Ininirn-ahaolar groioihs the tumour uses the alveolar siJongev'ork as a 
preformed stroma, extending in the lumen from one alveolus to another ; 
intact se])ta jjersist for some time in the peripheral part of the tumom’ pneu- 
monia careinomatosa ”). Eventually the alveolar septa disappear. Occasion- 
aU}’ neoplastic consolidation Avithout loss of lung architecture occurs in j^atches 
over a Avidely diffused area, simulating bronchopneumonia to the naked eye. 

(б) In iniersiiiial groioihs the tumours spread in the ah’^eolar walls, flatten- 
ing the ah'-eoli. Ljnnphatic xjermeation assists in the process of spread. 

CLINICAL COURSE 

If the lesions are blood-borne, thej’’ may appear abruptly and rajAidly de- 
velop. If lymphatic, there is often a latent period in Avhich the disease pro- 
gresses sIoAAdy m the mediastinal and hilar glands, and repeated observation is 
nece.'ssary to establish the presence of extension to the chest. This is especi- 
ally true in carcinoma of tiie breast. The often chronic course of this disease 
so readily observed in glands AA-hich can be seen and jialpated. e.g. in axilla and 
supraclavicular regions, is matched by a cour.«e no less chronic in the medias- 
tinal gland.s, so that the radiologist. AA'hen asked to determine A\iiether there 
is eAudenee of intrathoracie exten.sion (Avhich aa^ouH contraindicate radical 
operation). knoAvs that his examination may fail to shoAV glands AAdiich are 
actually present. In some cases there is a slight sus]ucion of enlaigement of 
one hilum, and only time and re])eated obsecA'ations A\ill enable the diagnosis 
to be made. 

The presence of metastases in the chest is often associated Avith no syjuptoms 
at all, and the.y are frequently brought to fight bj’’ routine radiological examina- 
tion. Constant AA^atch has to be kept on patients under treatment for carci- 
noma of the breast ; it is the AAviter’s custom to examine them radiologically 
every month. It is u.sually impossible to delect metastases by clinical metliods. 

The most suggestive symptoms are ; (1) Dyspncea. frequently slight and 
only elicited b 5 >- questioning the patient. (2) Loss of Aveight, and pallor. (3) 
Pain, more particularly if ribs are involved. (4) Coiigh may be present, but is 
often absent* (5) Small haemorrhages ma 3 ’' occur, but profuse haemoptj’-si.^'/ ' 
rare, except in chorion epithelioma. ' 
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RADIOLOGICAL FEATURES ‘ 

Pleura. — InTolveiiient of the pleura occurs in two fonn.s. Tiie commonest 
is a pleural effusion, especially in breast cancer. The onset of this is always 
insidious, and we sometimes notias a slight breathlessness of the patient M'hen 

speaking, before she is 
aware of it herself. On 
enquiry, she will admit 
that she lias noticed 
breathlessness. Percus- 
sion and screen examina- 
tion often show the 
beginning of an effusion 
which progresses rather 
rapidly, and always 
Tccvirs quickly ufter 
tapping. 

Much less frequently 
a pleuml nodular raeta* 
stasis is seen. In appear- 
ance it is similar to a 
localised parietal effu- 
sion, but the history is 
decisive. Localised pain 
is often present, but may 
be absent. 

Rxbs. — This type of 
metastasis must be noted 
Jiere because of the diffi- 
culty of diagno.sis. If 
the ribs are occupied 
by miiJtiple small hajma- 
togenous metastasos, 
none of which has caused 
Fio 277 — tletastatu! turnout of plpurn, and hila< gland M. 28 crosion or expansion of 
Primary -was an enitothMioinA of the gttnn the rib contours, it is 

hard to distinguish them 

from the overlying structures. Stereoscopy, or careful filming with the patient 
rotated first in one direction, then in another, in order to vary the relation of 
lung tissue to the suspected ribs, will sometimes serve to prove that the 
lesions are endosteal. In other cases expansion, localised erosion, or patlio- 
logical fracture, is obvious. The posterior ends of the ribs are very 
frequently involved. 
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JIrDiASTiNAL GLA^’DS. — Occasionally a paratrachcal gland is involved. 
Usually, however, the trachoobronclii.'il group is first to show visible enlarge- 
ment. The shadow' in the first instance is seen to the right of the trachea above 
the bifurcation. Li the latter case, nothing abnormal is seen in tho postero- 
anterior view until the glands linve enlarged sufficiently to project into the 
hilar region , but examination of the barinm-filJed msophagus inaj’ detect the 
presence of enlarged tracheobronchial glands at an eailier stage. 

Lukos. — Extension from the hilar gland may talic place in many ways ; 

(1) As n local and rather diffuse streaming out of thickened strands into 
one lung 

(2) As a bilateral generalised lymphangitis carcinoinatosa. Tliis is not a 
common condition. The fine strands gradually’ extend on both sides, and the 
lung fields become opaque. TJiere is often marked tly’spna'n at this stage, hut 
It may be absent. Night sweats may' occur. The lymphatics are found to be 
mucli tliickcned and permeated by solid strands of carcinoma. Small 
nodules may develop along these strands ; in tlie film there will he fine 
coudensatious strung along tho network of pulmonary markings. A case with 
post-mortem findings is published by Scfncarzniann. Tho primary was in 
tJje prostate 

The writer has observed this form several times in carcinoma of tlie breast ; 
in bronchial and gastric carcinoma, once in prostatic carcinoma, and once 
in a case of adenocarcinoma of the cervical glands in wJiicli tlie primary w’as 
not chscoverecl. 

(3) As a localiaed extension of coarse nodules from the hilum. This may 
be unilateral or bilateral. The basal regions often show more and larger 
nodules than tlie apices. The nodules appear to radiate outwaids from the 
lower liiluin region, growing smaller towards the periphery’. It is not always 
possible to distinguisli such tyjies from the blood-borne inetnstascs. 

(4) Large single noclule. Metastasis often takes this form. TJie nodule is 
usually basal, often rounded and quite sharply defined. It may grow to the 
fiixe of a cricket ball or larger before breaking dowm. Grn/ia»i Hodgson has 
shown an intere-sting case of this type w Iiicli simulated a hydatid cy’st. The 
differential diagnosis is easy' if a primary can ho found, but if not various 
appropriate clinical tests must be applied. Tlie M'asserinnnn reaction should 
not be omitted. A second observation may be nece.ssary. Growths groio, 
and the increase in size of any metastatic deposit is usually’ evident within a 
very few weeks. 

Multiple Nodular Metastases in the Lungs(Blood-borne) . — ^The appearance of 
metastases Rom sarcoma of bone or other tissues, from hypernephroma, car- 
cinoma in any part of the body, seminoma of the testis and chorion epithelioma, 
usually takes the form of rounded nodules. They may be single or multiple, 
large or small, and of unequal size. They are most numerous as a rule at the 
bases, but may’ occur anywvliere. They are sharply defined at first, and usually’’ 
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retain their defined edge even xvien very large and niimeroiis. Occasionally 
they may hocomc diffuse. 

In a ease of satcoma of the tibia, with a single metastasis in the lung, the 
latter lost its rounded contour after an interval of a few months and spread 
diffusely through the lung. Others had in the meantime appeared and had also 
beeome diffuse. The resemblance to a tuberculous Ic.sion was at this stage quite 
plausible. Blood-home metastases slmw no even gradation in size &om hilum to 
periphery. Large and small nodules may occur side by side. Thougli usually 
spherical, metastatic nodules are often somewhat oval, with their longer axis par- 
allel to the general direction of the bronclii of the region of the lung in n hieh t Jiey 
occur. They sometimes necrose centrally and form cavities. Occasionally they 
are not circumscribed, but are invasive from tlie first . Diffuse blotches of shadow 
then occur, resembling a rather rare t 37 >e of tuberculous involvement of lung. 

Miliary Carcinomatosis of the Lungs. — Tliis is a rare form in which the Imjg 
fields are filled with small nodules or blotches of shadow due to blood-borne 
metastasea. The appearance is not unUkc that of miliary tuberculosis, but the 
lesions are as a rule coarser and tend to increase in size and number from above 
douTju-ards, the apices being relatively free. 

Frequency of Various Types of Pulmonary Metastases. — In a series - 
of sixty cases examined by the writeT, tiie different types of metastases 
in lungs and pleura were found grouped appro.vimately os follous: One- 
quarter of the cases showed the coarse nodular typo of lung involvement, a little 
more common in the lover lobes than the upper ; one-quarter shoved diffuse 
lymphatic spread from the hilunr *, and one-quarter pleural lesions, viz. effusion 
or pleural node (3 per cent). The fine nodular and fine disseminate type of 
secondaries were rare, together constituting about 10 per cent. In 10 per cent, 
the secondaries uere only observed in hilar and mediastinal glands, and had not 
yet spread to the lung. In a few instances a lobar tj’pe occurs, producing total 
opacity of one lobe, usually the upper, as a result of bronchial stenosis. This 
condition has been observed by' the nvitcr in carcinoma of the breast and 
sarcoma of the tonsil ; it exactly resembles primary’ bronchial carcinoma. 

Sarcoma, hypernephroma, and seminema are common sources of the large 
round “ golf-ball ” type of pulmonary metastasis. 

The roimded type has also been noted in epithelioma of the skin and mouth 
and pharynx, carcinoma of stomach, thyroid, ovary, and uterus, in lymphosar- 
coma, and in cherrion epithelioma [Schinz). A primary bronchial carcinoma 
may give rise to a multiple rounded metastasis in one or both lung fields, and 
the resulting picture — Jiilar enlargement ■with rounded pulmonary’ nodules — 
exactly resembles that produced by metastasis from a distant organ. 

The rate of growth of metastases in the lung varies greatly. As a role, re- 
examination in a few weeks shows a rapid increase in size. In some cases the 
growtli is much slov er. Suhpleural nodules often give rise to a rapidly' develop- 
ing effusion, which soon masks the lung lesion. ' 
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It is not practicable to correlate definite types o/piilraonary metastasesivith 
definite primary Fources. The tyj)es described above may be derived from 
sarcoma, or carcinoma in anj' part of the body. Nor is it ahvays possible to 
say from the X-ray whether the spread has occurred via the J^'mphatics or 
blood-stream. Lymphatic spread is always strongly suggested when there is a 
regional complex consisting of hilar glands, with strands of shadow leading out 
into the lobe vhich drains into those glands, and metastases of the nodular or 
blotchy diffuse type in the some lobe ; and serial radiograms Avill often 
demonstrate the occurrence and progression of this tjpe of lesion. 

The diffuse regional tj'pes sometimes simulate tuberculosis, but the tendency 
to pcrihilar distribution, and diminution in tlic size of the shadows from 
the hilum outwards, is unlike tuberculous involvement ; re-examination at 
intervals of a feu weeks is essential in doubtful eases. It sliould be remembered 
that tuberculosis of the lungs .sometimes gives rise to rounded, rather well- 
defined multiple shadows. 



CHAPTER XXXni 

INFLAmiATORY DISEASE OF THE PLEURA 

DRY PLEURISY 


DE-r pleurLs}' the pleural membrane is covered with a thin sheet of exudate 
which becomes fibrmous, and may later become organised into fibrous tissue. 
Such plastic pleurisies may occur indeiiendently^ or be secondary to acute disease, 
such as i^neumonia or abscess, or to clnonic disease, e.g. tuberculosis. They 
usuall}^ result in the formation of jfieural adliesions. They are common in 
children (“lamellar j)lem-isy ”). They often fail to show any radiological 
evidence : a careful tangential view will, hoAvever, occasionally detect a slight 
tliickening of the pleura, m the fonn of an opaque lamella separating the lung 
edge from the chest wall. 'If the mideiijnng lung perijfiiery is affected by the 
inflammatorj^ change, it loses its transluceney, and the opacity is tlien more 
joronounced. The diaphragm movements may show a definite restriction. In 
malignant disease, particularly bronchial carcinoma, gross thickening of the 
IDleura may occur m the later stages, either as a result of malignant infiltration, 
or of chronic mfection. 

DIAPHRAGMATIC PLEURISY 

Diaphragmatic jjleurisy maj’’ be a prunary infection of the pleural membrane 
or secondary to disease of the hmg or of the abdomen — for example, infections 
of the liver or gall- 
bladder or periton- 
itis from any cause. 

Dming th e aciite 
stage the only radio- 
logical sign is, as a 
rule, iiniiaii'ed dia- 
phragm movement 
on the affected side. 

Subsequently there 
may be foimd ad- 
hesions in the costo- 
ifiirenic or cardio- 
phrenic angles, or 
small tent-shaped 
peaks which are 
often situated at 







(«) 

Fig. 282. — Diagram; “Peaks” on mediastinal and diaph 
surfaces resulting from old interlobar pleurisy. 
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the edge of the interlobar fissures, and arc readily observed in the lateral 
view : from the peak of the triangle a fine line of sclerosis is often continued 
into the interlobar fissure. Such peaks and tliickenings are often found 
at tlie conclusion of an attack of pneumonia or influenza, and in some 
cases there is chronic and rather intractable 2)ain resulting from the 
diaphragmatic pleurisy. In one personally observed case the patient liad 
recovered from an attacl< of pneumonia three months previously, but the 
mam and horizontal interlobar fis.suros slioucd obvious sclerosis, and the 
patient complained of a constant dragging pain ^>orse on deep breathing. 
Diaphragmatic pleurisy with or Avitlioiit efru.sion frequently accompanies a 
subphrenic abscess. The effusion tends to becomedocnlised and spreads across 
the lover chest in the form of a broad band parallel with the diaphragm. 
Barjon has described several such ca.«e.s of localised diaplimgmatic effusion. 
In the writer’s ovti experience they have usually l)cen associated with sub- 
phienic abscess. 

PLEURAL EFFUSION 

Though this may result from various processes, infective or neoplastic, the 
radiological appearances are characteristic. It is never possible to say from the 
density of the X-ray shadow uhether the effusion is serous, •■serofibrinous, 
liremorrhngic, or purulent : a tendency to encap.sulation ala ays suggests the 
possibility of o purulent e.xudatc, but is not conclusive. Hydrothorax may 
result from cardiac failure, or “ back pressure,” is usually bilateral and of 
hmited extent : sometimes confined to the costo-phrenic angle.?. 

Radiological Appearances 

The radiological appearances depend mainly upon the amount of effusion 
present, upon the freedom of the lung to collapse, the presence or absence of 
adhesions, and the degree of atelectasis. 

{a) Early effusions commence by fiUbig up the posterior and lateral costo- 
plirenic angles. The margins of the lung are displaced therefrom, and the 
lower pole of the lung, contracting by its resilience, takes on a rounded 
contour and floats on the effusion. TJie effusion spreads over the diaplirag- 
matic surface, separating the Jung from it, and, ns a lateral film will show, 
spreads also up the posterior and, to a lesser height, the anterior chest v all, be- 
coming gradually tapered off m an upward direction. In the postero-anterior 
view tliis tapering of the shadow along the axillary wall is easily' recognised. 
The extreme upper limit of the layer of fluid cannot always be seen. Kaunilz 
has shown, by injecting light lipiodol, that the latter floats up to a level higher 
than the upper limit of the shadow, unless arrested by adJiesions. Tlie S-shaped 
curve mapped out upon the surface of the chest by jicrcussion, which rises to 
its greatest height in the axilla (curve of Ellis), is not the curve wliicli the radio- 
gram shows at the upper border of the shadow of the effusion. This latter 
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oncavitj'^ upwards, and is higher on the lateral side than 
on the medial side. A similar blit steeper curve is 
visible on anterior and posterior Avails in the 
lateral vicAv. Under certain circumstances this 
slope may be reversed. Occasionally the thin layer 
^ of fluid runs right up the chest Avail, and may even 
cover the apex. The result is a marked loss of 
p\\\ apical translucency, AA'liich may continue for some 
time after the absorption of the effusion. This 
narrow parietal shadow is more likely to occur 
when adhesions are present, limiting the coUapse 
/ of the basal lung, but may occur in the absence of 
adhesions. It is not always composed entirely of 
fluid. A fibrinous deposit on the x^arietal, as Avell 
as on the visceral, pleura may be present. In 

sion, onter- 
lal view. 
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treated by air replacement, by Williamson, and sUidied radiologically 
by the rpriter, this fibrinous layer was obserretl adhering to the parietes 
after the lung had collapsed, and slioncd the imprint of tiie lobes, with 
a small peak at a point corresponding with the edge of the middle interlobar 
fissure. The line of pleural thickening is also commonly observed after opera- 
tion for empyema, while the lung is collapsetl, and it may be observed at an 
early stage in the dcveloj)ment of emjiycroa, before any considerable effusion has 

occurred. It tiiere- 
forc, a valuable diag- 
nostic sign, esjwcially 
in chiltiren. In very 
large effusions the whole 
hemithomx is opaque, 
though usually a slight 
translucency persists at 
the inner part of tlie 
extreme ape.x. 

Reversal of the 
Normal Curve. — The 
normal slope of the 
“ effusion curve,” up- 
unr<ls and outunrds, 
may l>c reversed under 
the follo^ving condi- 
tions : 

(1) WJien limited to 
tijc basal region by ad- 
hesions (diaphragmatic 
effusion) In such cases 
the effusion is usually 
jiurulent. 

(2) When atelectasis 
of a lobe is present. 

Fio. 285 — Left pleural efTusion, running up avillaiy wall. This has been pointed 

out by irestmiin?!', who 

iound tnis reversal ol the 'line ol pleural effusion in eighteen cases of 
atelectasis, usually of the lower lobe, sometime of tlie middle and upper 
lobes. In eleven cases the atelectasis was caused by bronchial carcinoma. 
The bulk of the effusion usually lay near the area of atelectasis, and since the 
medial parts of the lung uere in most cases more retracted, the effusion tended 
to collect towards the middle line. In the supine position it spread out over 
the wiiole hemithorax. The frequent association of this sign with bronchial 
carcinoma should be noted. 
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(3) During reabsorption of the fluid, Tliis is not a common finding. As 
a rule, during absorption, the curve maintains its characteristic shape, but 
gradually retraces its steps. Sometimes the slope is reversed (dovmyards and 
outwards) duruig reabsorjAion. It seems probable, in view of Westermar¥s 
findings, that this may be explained by incomplete re-expansion of the lower 
lobe (“relative atelectasis ”). 

Effect of Effusion 

Ox THE Mediastixum this is almost invariabl}- displaced to the ojjposite 
side from the first. With large effusions the displacement is most marked. 
This displacement is a valuable differential sign in cases showing unilateral 
obscuritj^. There is but one other condition which '.show.s the same finding, 
namely, infiltration of the whole lung 133 ’^ diffii.se alveolar carcinoma {Sante). If 
there is displacement towards the opaque side the cause is usually atelectasis 
(massive collapse), fibrosis or growth with atelectasis. If there is no displace- 
i33ent, pneumonic consolidation, oi‘ atelectasis or growth, combined with a 
moderate amount of effiision. may be present. 

On the Ribs.' — AVith large effusions the chest wallmay bulge on the affected 
side, and the ribs run more horizontaIl 3 '’, with widened intercostal spaces. 
This can also occur in the massive form of carcinoma just inentioned. Onlj" 
the exploring needle can decide the issue. 

On the Diaphragh. — ^This show.s absent movement for the first. In large 
effusions the dia]3hragm is depressed. 

Behaviour of Effusion after Tapping. — After tapping, eimn after the with- 
drawal of large amoxmts of fluid, the level of the effusion and even the degree 
of opacit}’' are usuall 3 '' little affected. This is because the chest wall and medias- 
tinum revert to their original position and the lung expands slightly. The 
effusion — though diminished in quantity — has,, therefore, a smaller space to 
occup 3 ', and its level ma}’^ be quite unaltered. Tapping, with the .intention 
of uncovering a suspected lesion in the lung, is usually disappointmg. Air, 
replacement is usually more succe.ssful, but ma 3 ’^-also fail if, the lung is much 
collapsed : contrast between the collapsed lung and diseased lung may then be 
insufficient for diagnosis. Traces of air often enter the chest accidental^ 
during paracentesis and show' a fluid-level at the top of the effusion . Oecasion- 
alty the air is caught in a pocket formed by adhesions, and then shoAvs as a 
bubble AAith fluid-level in the midst of the opaque area. Its superficial situa- 
tion and transient existence di.stinguish it from an abscess or cavit}’’ in the lung. 

Effect of Posture in Pleural Effusion. — As a ride, little if any' displacement of 
an effusion is noted if the patient is examined lying doAvn. Such displacement 
is more readily showm if the patient is examined AA'hile lying on the affected side. 
If atelectasis is present, the shadoAV shift in this jAosition is more marked. 

Penetration into Interlobar Fissures. — Unless the margins of the interlobar 
fissures are sealed by adhesions, the effusion run.s into these. It is not 

'yA 
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common to see » dense lino of fluid running along the middle interlobar fissure. 
Still more commonly does the lower end of the main fissure gape and become 
filled ^ith effusion. TJie lateral view shows the characteristic appearance of an 
effusion running into all the interlobar fissures, and the consequent rounding 
of the sharp margins of the lobes (Fig. 284), A parieto-interlobar effusion at 
the lovi er end of the main fissure may be simulated by the shadow of the heart 
and inferior vena cava overlapping that of the diaphragm. The distinction 
by screening is easy. 

ENCAPSULATED PLEURAL EFFUSIONS 

These may be : 

(1) Parietal, 

(2) Diaphragmatic. 

(3) Mediastinal. 

(4) Mcdiasllno-interlobar, 

(C) Interlobar. 

Encaiisidated pleural effusions commonly result from a pneumonic infec- 
tion, and are usually purulent. It is, however, well known that serous 
encapsulated effusions may occur, and there are no means of distinguishing 
them radiologicaUy e.xcept by their course. 

Parietal Encysted Effusions 

These show certain sites of election : (1) along the lateral wall ; (2) along 
the posterior wall, usually near tlie base. They maj' occur very rarely at the 
apex or on the anterior wall. Decubitus seems to favour the frequent occur- 
rence on lateral and posterior walls. Special mention must bo made of the 
small encysted effusion which so often occurs in the upper part of the lateral 
chest wall. Its greatest depth may He at a point high up in the axilla, and 
such an effusion may be missed by percussion or by the exploring needle unless 
it is realised that it lies opposite the second or third interspace in the axillary 
line. The exact position should be mapped out by the radiologist, using tan- 
gential projection. 

Parietal encysted pleural effusions show a well-defined border convex 
towards the lung. The lung shadows are displaced. Occasionally the encysted 
effusion, has a less definitely rounded edge, but is flatter and extends some 
distance round the chest wall. An endeavour must always be made to find 
by tangential views the point of maximum depth of such effusions, usually 
situated near the middle of tlie shadowed area. This point should be selected 
for paracentesis j elsewhere the needle may pass through the thin layer of 
fluid and fail to withdraw any of it. 

Occasionally a parietal effusion is situated at the edge of an interlobar 
fissure, and penetrates for some distance into it. Tiie shadow is then 
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somewlint wedge-shaped, and continuous at its apex with the interlobar fissure 
as a line of sclerosis. In one situation this is easily mistaken for a consolida- 
tion of the lung, namely at the upper jjosterior end of the oblique fissure. In 
the lateral ^dew the triangxilar shape of the " parieto -interlobar ” exudate is not 
unlike that of a consolidation of the apex of the lower lobe. As a rule, the 
latter has an ill-defined lower margin, wliilc the effusion is sharply defined above 


Pig. 


2S0. — encysted parietal effusions. Spontaneous reabsorption of the fluid 

occurred later. 



and below. The occasional occurrence of an accessory lobe at the aj^ex of the 
lower lobe (PoM), which, wheri consolidated, is sharply defined both above and 
below, adds -to the difficulty in diagnosis. In such a case reliance must be 
placed in the character of the edge (convex in effusion, straight or concave in 
consolidation). Rupture into a bronchus, leading to spontaneous cure, is not 
uncommon. When it occurs, air and a fluid-level are visible within the opaque 
area. The fluid-level may be hidden behind the diaplrragmatic cuj)ola in the 
postero-anterior view and be projected on to the sinne in the lateral view, Avhere 

x-E. I — 27 
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it may be confused with the margin of a vertebral body. An aiitero-postcrior 
radiogram, with the patient leaning forward and tube raised, w ill bring it above 
thediaphrngm. AlateralviewintlieBameposturcwilldiffcrentiatcthelluid-levcl 
from vertebral bodies. Sometimes parietal encysted effusions are multiple ; 
there may be two close together, as in Fig. 286. The nTitcr has seen a fe^v■ cases 
in which parietal effusions and mediastinal encysted effusions have co-exbited. 
The differential diagnosis is nsnallj' from grouth. When basally situated n 
rounded well-defined shadow is shown in the postero-anterior view. The 
lateral or tangential view determine.s the iKvrictal situation. This does not, 
however, exclude neoplasm, since secondary pleural deposits liavo much tlie 
same shape, and even primary lung turnouts sometimes lie on the pleural .sur- 
face, in contact vith the ribs. Elevation and fi.\ation of the adjacent part of 
the diaphragm wth obliteration of tlie costo-phrenic cul-de-sac points to an 
inflammatory lesion, and is in favour of a basal parietal encysted effusion. 

Dijfertniial Diagiioiis, — Endothelioma, hydatid cyst, subpleural fibroma, 
tubercaikr abscess (rib or spiiw), sarcoma of rib, and subpleural btematoma are 
otlier conditions which enter into the differential diagnosis. Very careful 
search must be made for evidence of rib involvement showing inflammatory or 
neoplastic characteristics : usually the history and clinical signs arc decisive. 

Mediastinal Encysted Effusions 

These develop between mwliastinal anti visceral pleura. They are not 
always confined to the mediastinal surface of the lung, but may extend back- 


R 


RanReosto mediasttnkl tJontf tntdmshna/ 

Fio i87 — DiORrain Sites tit wWeh meiliatiUnal effusions tend to lieioine enn'ted 
(After Engel and Schatt } 

wards round the lung edge (see Fig. 287). The root of the lung and the liga- 
mentum Iatun\ divide tlie mediastinal surface vertically into two eomi>art- 
ments. A mediastinal ency.sted effusion may occur eitJier in the anterior or 
posterior compartment, or in both. Tiie wTiter lias seen a case w hich jiresented 
two convex shadows along the right heart border, one of which was eliown bj* 
rotation of the patient to be in front of the hilum, the otlier behind. In the 
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tipper jjart of the anterior shadow was an air bubble tUth fluid-level. The 
diagnosis of Combined anterior and jjosterior mediastinal effusion tras made 
(Fig. 288). Withiir a week the anterior effusion was entirely coughed up. 
The posterior effusion also cleared up in the same way, and the patient made a 



Fig. 288. — EncyBted mcdia-stinal elTiwioa. Anterior and posterior mediastinal effusions on, 
right side. Tlie anterior effusion eommunientes with a bronchus, and .shows a fluid-level. Both 
were spontaneou.sly evnouated and the chest became normal. 


good recovery. A few months, later the lung fields were normal, except . for 
light thickenmg around the hilar shadows. ‘ . 

A jDosterior costo-mediastinal effusion Ij’^ing in the jJaraveftebral regioh, may 
fail to show clearlj'' in a full lateral view, since its edge is obliquely opjjbsed to the 
ray and not tangential to it. Thus in the case- illustrated in Fig.-.289, of righ+'' 
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costo-mediastinal empyema, the effusion sliou'cd only n faint sliadow* in the 
right lateral \'iew, and ^as still more ill-defined in tlie right anterior oblique, 
in which the rays pas'icd through the shortest diameter of the encysted fluid. 
But in tlie left anterior oblique view the typical lens shape of tJic effusion, with 
its curved, well-defined pulmonary border, was clear!}' seen. In sucJi a case 
the right posterior oblique view would have been equally suitable. 

Kufjel has described, in children, an an- 
terior superior mediastinal effusion, usuall}' 
pneumonic in origin, more common on the 
right side, limited towards the lung field bj’ a 
sharji vertical border, and showing on the 
right side a projecting angle at the level of 
the horizontal fissure. The latter feature 
distinguishes it from an enlarged thymus 
In regani to Ihe tlifferenlial tliagnav's of 
mediastinal effusion. Van der Mandele men- 
tions diJ.ated loft auricle, rctrocardial 
aneurysm, cold abscess of spine, spondylitis 
deformans, paracesophageal hernia, dilated 
ojsophagws (cardiospasm), scoliosis, peri- 
cardial Iht. The differential diagnosis should 
present no particular difllculty. To this list 
might be added pericardial diverticulum, 
ganglioneuroma of vagus (Jssinann), and new 
growth of the pericarclium (owm ob«en’ation). 

Fio 289 — Diagram : A postenor 

™.d«,un.l .,i,« Interiobar Encysted Effusions 

paraverteliially may fail io show a , , , , , . » i -i i 

.rcU.defin«l edge m lateral projection. Interlobar plcural effusions may be hmitetl 

an oblique view (arrows) will show to one part, or extciul from top to bottom of 
the edge distinctly interlobar fissure. A lateral view is essen- 

tial to their detection and localisation, but 
other views are sometimes useful, especially the hollow-b.ack lordotic jiosition 
and oblique views. 

Shape of Interlobar Effusions. — The general form might be roughly imitated 
by placing two soup plates face to face — ^the rims of the plates representing tlie 
zone of marginal sclerosis and adhesion in tlie interlobar fissure which seals 
ofi" the effusion. Tliis biconvex form, seen edge-on, gives a spindle-shaped 
shadow, with shorflines of sclerosis at tlie ends of the spindle. If the effusion 
is tense, the spindle becomes broader, or nearly circular. Sometimes the 
lenticular form is absent, the effusion being spread out in a sheet along an 
interlobar fissure. The spindle or linear shadow is in any case only visible 
when the effusion lies edge-on to the and it is necessary to consider the 
various appearances according to the situation of the effusion. 
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(1 ) In the Middle Interlobe. — ^H ere the effusion lies nearly horizontally, 
and is edge-on to the rays in the postero-anterior view. The spindle-shaped 
sliadowmay be seen, usually in tJiemt/criKWt of the middle lung field, because 
the horizontal interlobe rarely reaches the mediastinal surface of the lung, and 
IS often shallow. 

The middle interlobar fissure often has a slight dip downwards and for- 
A^ards. A slight elevation of the tube, or backward tilt of the patient, mil be 
needful to bring its plane edge on to tbe ray. 

Tlie lateral view sliows a band of ahadoAV in the middle of the anterior half 



Fir. 292 — rneumocorral inirriobnr ewipjrma Prp-<pnt four ^ears 
Oppration recoNorx, 


of the lung, extending fiom the bilum to the anterior chest nail, above the 
middle lobe. 

(2) In the Main Eissere. — ^The effusion in this ease necessarily lies 
obliquely, and in the postero-anterior view- js traversed by the rays, •not from edge 
to edge, but from face to face. The lelatisely slight amount of fluid interposed 
to tlie rays, in this view, may cause the shadow to be faint ; moreover, owing 
to the tapering off which occurs in its edges, these are sometimes ill-defined, 
particularly tlie upper edge, since tbe bulk of the fluid tends to gravitate 
doAvnwards. For this reason the lower edge is usually better defined than the 
upper (Fig. 2fl3). If the effusion is not localised, but extends through the 
Avhole length of the main interlobe, the appearance is that of a diffuse opacity of 
the hemithorax, limited below to the outer side by a well-defined line (edge of 
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tlie main fissm-e). Sometimes it extends beyond the edge of the fissure into 
the main pleural cavity, filling up the costo-phrenic angle. 

The most usual shape of the effusion, in the postero -anterior xiew, is that 
of a hatchet-shaped opacity in the middle part of the lung, -with ill-defined or 
moderately well-defined edges and narrower towards the hilum ; a triangular 
region of translucent Imig usually separates it from the heart shadow and ; 
diaphragm, and the costo-phrenie angle is clear. The reason for the trans- 
lucent area so often seen in the right eardio-phrenic angle is not clear. In some 
cases it may be exjjlained by the anatomical fusion of middle and lower lobes, - 
shown bv KreuzfncJis and 


Sclmmacher to occur at this 
site. In other cases it must 
be assumed that the edge of 









the efibision has been sealed 
off here by adliesions of the 
interlobar surfaces. This 
t5qjieal form is not alwa,ys 
found : the .shadow may be 
oval, vfith long axis vertical, 
or irregular in shape. 

The upper part of the 
oblique fissure on the right 
side is more' horizontal than 
the lower half. Effusions 
in the upper paTt ' of this 
fissure may therefore show 
broad bands of shadow, or 
even sjDindle-shaped or circu- 
lar shadows in the imstero- 
anterior view. They are, as 
a rule, separate from the. 
hilum and mediastinal 
shadow, but may extend 
hrwards to fuse vith it. 

The writer once saw a rounded opacity projecting froin the right mediastinum , 
with a well-defined hemispherical contour-, just above tlie hilum. The cln-onic 
history and age of the patient were in favour of mediastinal tumour. Autopsy 
showed a small locahsed interlobar einpyema in the upper jrart of the, main 
interlobe close to the mediastinal edge. There was no e\ddence of neoplasm. 

It follows from tlie usually flattened form of interlobar effusions, and from ‘ 
the anatonty of the interlobar fissures, that in the postero-anterior view ilhi-, . 
mination of the plane of the fissure will intensify the shadow, and show-- the 
clear-cut margins so typical of tliis .condition. . , ; ; , ' ; ■ „ 


FrcJ. 293. — Clironie interlobar empyema .showing .slight 
displaecmciit of tho oesophagus, simulating mediastinal 
tumour or cyst. Same case as Fig. 292. 
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Po-itcro-anterio-r Pontion . — For tlie illumination of tJic oblique interlobc in 
tlie postero-anterior view, may follow the rule given by IJccUre and Iloh- 
knccht : namely, in tlic postero-anterior projection, raise the tube and lower the 
eye ; in the antero-posterior projection, loner the tulx* and raise the eye, 
viewing it from above and behind. With most modern screening stands tlie 
range of movement of the apparatus is insufficient to nllon* of this, and a back- 
ward or forward inclination of the patient’s body, as the ease may bo, must he 
used to supplement it. The lordotic or hollow-hack position (P/enicJ'nier), 
illustrated in Figs. 209(i) and 301, is an extremely useful addition to the 
technique, since it enables one to demonstrate more clearly the oblique inter- 
lobe on both sides of the chest throughout its entire extent. The patient is 
instructed to lean backwards with head and shoulders testing on the back 
8up))ort and arching the back, to protrude tlie ab- 
domen. The oblique intcrlobe thus becomes hori- 
zontal and can tic illuminated along its length- 
This h in many cases the only suitable method for 
showing the nature and extent of medinstino- 
interlobar effusions, and is very easily carried mit 
in chihlren, in whom this form ofefTusion is common. 
A mcdiRstino-interlobar effusion show s typical 
appearances described later : sclerosis of the inter- 
lobar pleura of the main fissure shows an oblique 
line crossing the chest, usually convex upwards. 
Tile spine of the scapula also crosses the lung field 
in fills position, and must not be mistaken for an 
interloRir shadow'. 

Lalcial Position. — It is. however, to the lateral 
jiosition timt wo must turn for the most satisfactory 
evidence in the localisation of interlobar efrHsion.s, just as it is the most useful 
in the localisation and study of Joliar lesions. In the lateral position, the«e 
effusions, whether in the main or horizontal iuterJobe, are nearly edge-on to 
the rays. 

Interlobar effusions may occur in two w ays i 

(1) By limited infection arising in or near an interlobe and becoming shut 
off in this situation. 

(2) By’ penetration into the intcrlolie of a general effusion wnth sub-jeqnent 
encystment in the interlobe. This form is probably rare. 

Radiological Signs of Encysted Interlobar Effusion 

(1) They are usually of a lenticular shape, flattened from above downwards, 
giving, in the lateral Mew, spindle-shaped shadows, the long axis of wliicli is m 
the line of the interlobc affected. 

(2) Both borders of the shadow are clearly' defined against the lung. I'liis 



Flu J94 — Interlobar effusion 
m mam fissure, lateral vie« 
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is a most important sign, and is due to the limitation on all sides by a layer of 
interlobar pleura. For various reasons, such as the curvature or twisting of 
the interlobar spaces, or of the overlapping bj'^ spine and heart shadows, e 
cannot always show both borders sharply defined in the one and same jjosition, 
but by slight changes in position first one border and then another is shown to 
be clearly defined. Interlobar effusions do not cause atelectasis of the imme- 
diately adjacent lung. 

If; however, one edge 
is ill-defined, the cause 

■ of this is in the ad- 
jacent lung disease, 
and may be either 
infective or neoislastic. 

Either condition may 
spread to the adjacent 
interlobe and cause an 
effusion. An inter- 
lobar empyema occm’- 
ring before resolution 
of the laneumonia 
AAhich has caused it 
may, therefore, show 
an ill-defined shadoAA' 
on the side adjacent 
to the consolidated 
lung. 

(3) The small peaks 
or tluckenings of the 
interlobe given off 
from the edge of the 
interlobar effusion and 
continuing into the in- 
terlobe have already 
been referred to. They 
are an exceeding 

common and t3rpical Fig. 205.— Lit«rIobar effusions in. all fi-ssurc?, right side. , , 

finding. 

Bearing these facts and the anatomical relation of the interiobes in hiiiid, a 
diagnosis of interlobar empyema is, as a rule, hot difficult. They are, however, 
occasiona]l 3 ’^ overlooked, vdth serious re.sults. The case illustrated in Fig. 293 
is that of a girl, aged 18, who had been foiu 5 - ears in a sanatorium with a 

■ diagnosis of phthisis. The appearances in the po.stcro-anterior ' film at the 

. end of that period were those of a rounded, nearty circular, shadoAt;, A’ery , ' 
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clearly defined beloAv and fading off above. In the lateral ^dew this shadow, 
again of circular outline, was in the j)osition of the upper part of the main 
interlobe and showed typical marginal peak. At operation the surgeon found 
a pneumococcal interlobar empyema, which was drained, and the patient made 
a good recovery.^ Fleischner has. published a case shoAUng ahnost exactly 
similar appearances, due to hj^datid cj’st in tlie interlobar fissure. 

Interlobar effusions in the oblique fissure may extend throughout the whole 
fissure or be limited to the upper or lower half. Those in the lower half often 
show a roughly triangular outline in the lateral vieAA%- with the apex at the 
hilum level, the axis directed obliquely downwards and forwards. The 
effusion maj?^ be tapered at both ends or maj^ broaden out toAvards the anterior 
end. In the latter case, differential diagnosis from a middle lobe- consolida- 
tion is by no means easy. Help may be afforded by observation of the lung 
shadoAA's belongmg to the middle lobe, AA'hich lie above -an effusion but are 
included in a consolidation. A consolidated 2niddle lobe is often atelectatic as 
AA-ell, which increases its resemblance to an interlobar effusion. In such cases 
it may be possible to obserA’^e clear strealis AA’ithin the shadoAv, due to translucent 
bronchi, contrasted AAuth the surrounding atelectatic and consolidated lung. 
This appearance is neA’-er seen in an effusion. If the shadow of an effusion is 
crossed by lung shadows, these apjjear as dense streaks (due to vessels) in- 
tensified by the backgromid of the shadoAV of the effusion. This point is often 
A’ery helpful in the differential diagnosis betAA^een consolidation and effusion 
in an3’^ 22art of the lung. In some cases it is necessary to use lipiodol to make 
the distinction. If the consolidation of the middle lobe is only partial, the 
diagnosis is usuallj^ much easier, since in one Anew or other the shadow aauII 
.shoAv in some part a fuzzy ill-defined edge. It should be remembered that 
interlobar emp 3 ^ema is a someAA'hat rare condition — middle lobe consolidation 
or atelectasis is much more common. 

Method of Resolution of Serous Interlobar Effusions ‘ 

These may (1) require surgery,. or (2) be coughed uj}, or (3) ma 3 ’ be sloAAdy 
absorbed. In the last case, the clearly defined margins are retained, and tlie 
shadoAV graduall 3 ' shrinks in size. This aj)pearance is quite different from the 
resolution of a consolidation, AA'hich shoAvs gradual clearing of the middle of 
the shadoAV, as the lung parench3una becomes aerated, though the boimding 
line of the interlobar sclerosis often persists ffuring and after comifiete resolu- 
tion. If atelectasis has accompanied the consolidation, the lobar shadoAA' 
becomes larger and gi-aduall 3 '' more translucent as the atelectasis clears up, 
Avhile an absorbing effusion becomes smaller, but, remains, homogeneous. 
Reiieated observations, therefore, AA'ill make the diagnosis clear in cases in 
AA'hich a single obserA’^ation has failed to do so. 

^Ptof. E. D. Telford, personal communication. 
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MINOR INTERLOBAR PLEURISIES 

TJie radiologist is constantly meeting with minor interlobar pleurisies, often 
lesidual from iireviou.s disease, which may taLc the form of : 

(1) Limiting interlobar sclerosis, combined with disease of a neighbouring 
lobe or lobes. 

(2) Linear thickenings in an interlobe, without evidence of pulmonary 
disease. 

(3) Encysted serous effusions, eomiiletely shut off in a part of an interlobar 
space. Tliese are rather rare. 

(4) Combined interlobar or iieripnlnionary pleural thickening, taking tJie 
form of triangular peaks at the surface of the lung, and often prolonged into the 
interlobe as a line of thickening. A localised parietal thickening often accom- 
panies them. These ate common. 

(6) Mediastino-intcrlobar pleurisies. The.«c Jiave only recently been 
studied in detail. They arc e.\tremely common, but unless sought for deliber- 
ately by a special teclinique, they are overlooked. 

Linear Interlobar Sclerosis, either occurring alone or combined w ith a tuber- 
culous, malignant, or other lesion of the lung, is familiar to radiologists. It w 
sometimes assumed that the horizontal interlobe is n site of election because it 
alone shows in the ordinary postero-anterior film, but the routine use of tlie 
lateral view sliows that this is not the case, and, ns n rule, when the horizontal 
interlobe is thickened, the oblique interlobo is affected as well. Often the 
oblique interlobe is affected alone. Tuberculosis sometimes spreads along tJie 
interlobe (“ scissural tyiJC ” of Barjon), and a band of infiltration in the upper 
lobe sharply limited below by tho horizontal interlobe is a well-known radio- 
logical picture. Tuberculous infiltrations along the oblique interlobe can 
be demonstrated in many cases, usually in the upjier lobe. IVJien a large 
part of a lobe is affected, the sharp limitation of the disease at the oblique 
interlobe is readily shown in the lateral view. GroiTths ponietinies show a 
similar limitation. 

Pneumonia shows a distinct tendency, during lesolution, to linger in the 
region of the interlobe, so that a case of delayed re,solution sliould always be 
studied with special reference to the interlobcs, making full use of the lateral 
and hollow-back position. In this way it is possible to studs' progress of 
resolution in a manner and with a degree of accuracj' unattainable by the 
ordinary postero-anterior film. After resolution some thickening of the inter- 
lobar pleura often persists for many winnthR, 

Parieto-interlobar Effusions. — ^These are interlobar pleurisies occurring near 
the surface of the lung and due to a combination of peripulmonary and inter- 
lobar pleurisy. Tliey therefore occur at the edges of the interlobar clefts. They 
are characterised by small triangular opacities on the lung margin with their 
pieces prolonged into an interlobe, and they usually show sbght rounding of the 
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lung margins. In these cases there is fluid, or possibly fibrin or organised fibrous 
tissue, in the triangular space. The parietal part, of the thickening mar sho^r as 
a famt line uj) and down the chest, but is often invisible. . Their common sites 
are indicated in Fig. 283. These triangles can arise in tv'o ways. Firstly, as a 
result of a general pleural efFusion ; secondly, from a limited pleurisy. If we 
watch the develoxJment of a large pleural effusion, we sometunes see it run into 
an interlobe. The lung apparently collapses, not aU in one piece, but lobe by 



lobe, esi3ecially in children, in whom adhesions between the lobes are rare, and 
the effusion then penetrates between the lobes. 

Parieto-interlobar' pleurisies may account for many of the common dia- 
pliragiuatic “ peaks ” or “ tents.” A parieto-interlobar efiusion or thickening 
extending from the diaplnagm into an interlobe would hi many cases afford a 
more satisfactory exj)lanation for tliese “ peaks ” than does the theory that 
thej’- are due to simple adhesions or to retraction and dimpling of the under- 
surface of the lung. 

The writer has seen several cases hi which angular diaphragmatic tents were 
seen in the lateral liew to be continuous at their apices with a thickened mahi 
interlobe. As we shall have occasion to see when discussing mediasthio- 
hiterlobar pleurisy, a rather similar explanation holds good for pericardial 
adhesions which may be seen projecting from the left or right heai-t border, 

Mediastino-interlobar Pleurisy. — This group is paitieularh%interestmg on 
account of the great frequencj*. especially in children, and of the extreme ’ ' 



430 


RESPIRATORY SYSTEM! 


cliaracteristic appearances found on X-ray examination wlien tliey are care- 
fully investigated. The first observations whicli Fkischntr reported in 1924 
seem to have passed unnoticed in tliis country for a long time. The condition is 
found in children (rarely in adults) wlio usually give a long history of chronic 
chest tiouble, often extending back to infancy. Thej' nia}’ show visible hilar 





Fig 2a9 — ,(n5 Dia^grom Mediostino interlobar 
effusion in lonlotic powtion. 


fb} Lordotic piollovv-back) 
position. 


gland enlargement, but not always. The condition is an effusion or a fibrinous 
exudate occupying the lower end of the oblique fissure in its median half. 
Common in children, it has been attributed by Fhischner to infection of this 
interlobar space by a tuberculous lymphatic gland which lies in the lover 
hilum, separated from the fissure only by a layer of pleura. Sjnuptoms are 
often slight or non-existent. The writer examined 100 children seriatim from 
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the waifciiig-hair of an Outi^atient Department, and found six cases of tlii-i 
condition. :\Iost had suffered from the usual exanthemata, bronchitis, and 
\vhooi)ing-cough, hut none showed evidence of active pulmonary tuberculosis. 

The effusion or fibrinous layer shoAS s, m the antero -posterior view, a barely 
perceptible shadoAv. which becomes intensified as the child leans baclcAAard"'; 



Fio. 300 — Mediastino-intei lobar oftu^ion. Eiect po-,ition. Xoto shadow extending 
downwards from the right root For same case in loidotac position ^ee Fig. 301. 


toAA'ards the tube until the complete holloAA--back position is reached, when the- 
main interlobar fissure is horizontal and directly in the line of the rays {Pig. 
299). Before the hollow-back position is fully attained, it is evident that the 
apex of the triangle is dii-ected outAvards and lies posteriorly. BeloAc this the 
lower border gradually approaches the mediastinum. In the full hollow-back 
position a characteristic triangle is seen. AA’ith apex outwards, continued out- 
Avards as a line of interlobar sclerosis, couA'^ex upwards. Careful examination 
shows that there aie often tAvo triangles, a short anterior one and a longer*' 
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posterior one. Tlieir apices arc connectetl by the linear thickening in the 
interlobe. Both triangles have their ba<e.s in contact ^vitll the mediastinal 
•5hado\v'. The smaller anterior triangle is the surface of contact between the 
anterior end of the effusion and the anterior chest wall or tliaphragm. The 
larger posterior triangle is the slieet of effusion or fibrinous exudate extending 
outuaids into the interlobar fissure, sealed off externally by a fusion of the 



Fio. .sol. — IMediastino interlobar eftiwioii, lordotic po-iition 

interlobar pleura between lower and middle lobes The shape and position of 
the effusion axe shown in the diagram (Fig. 297). Radiologically the lateral vien 
brings its situation out very clearly. It is shown as n triangle, apex behind at 
tlie liilum level, at the junction of horizontal and oblique fissures, base anteriorly 
in contact with chest nail or diaphragm. The nhole sliadow is usually 
convex upivards. 

It is a moot question whether the “ double triangle ’’ occurs in any other 
condition. Some observers believe that it maj- occur in consolidation nith 



Vie, M” -Meiliastino-Uiterlobar effusion, lou-cr end of main 
fissm-o. Right lateral view. 
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atelectasis of the middle lobe. This is unlikely. The middle lobe is pjTamidal, 
with a broad anterior snrfaTO. Wien it is atelectatic, this broad anterior 
surface can hardly become smaller than the rest of the lobe, and could not be 
contained in the small anterior triangle. This anterior triangle is obviously 
identifiable nith the loner anterior blunt end of the mediastino-interlobar 
effusion, to wliieh the outer border is seen to converge. 

A further point of differentiation lies in the obsen'ation of the lung details 
in the lateral and antero-posterior views. If the vascular tnmks to tlie middle 
lobe can be recognised in either view, not included in the shadow, but lying 



(<*) ('-) (0 
Fia. 304 — Diagram Kight lateral \iow. The pulmonary vc-«rl fihmloua in relation to 
(a) mcdiaattno interlobar oflii«ion. (I>) ntKlJlo lobo ron^loUticm or coHap-.^, («} efliialon inlourr 
end of mam flMiuro. 

above it, the shadow must be interlobar, and cannot be a collapsed or a con- 
solidated middle lobe (Fig. 304). 

Usually present on the riglit side, a mediastino-interlobar effusion may occur 
on the left side also. The writer has seen one appear on the right, clear up in a 
few -weeks, then appear on the left, and again clear up rapidly. A pleuropcii- 
cardial tent-like adhesion may persist as a sequel of this conation. Occasion- 
ally it is observed in malignant disease as part of an early malignant pleurisy. 

DrrrEEKJTtAi. Dr.t.GSOsis of MEDiAsriso-isTnRtiOBAU Plf.urisv. — ^There 
are eight conditions in w Inch a triangular shadow is seen bordering tlie heait, 
with its apex above, its base on the diaphragm. These are : 

(1) Mediastino-interlobar pleurisy (effusion or sclerosis), Antero-raedian, 

(2) Costo-mediastinal pleurisy, posterior or anterior. 

(3) Atelectasis of lower lobe. Posteto-Tuedian. 

(4) Atelectasis or consolidation of accessory lobe (Graberger). Median. 

(5) Consolidation -with atelectasis of midlobe. Antero-median. 

(6) Elevation of central part of diaphragm. Median. 

(7) Mediastino-cliapliragmatic pleurisy. Median. 

(8) Pericardial fat. 


CHAPTER XXXJy 

TUMOURS AND CALCIFICATION OF THE PLEURA 
TUMOURS OF THE PLEURA 

Benign printary tvmours of the pleura are rare. The3'’ include fibroma, fibro- 
endothelioma, angioma, chondi’oma. osteoma, and simple cyst. 

Of tlie malignant primary hmovrs the folloning may occur : endothelioma, 
primary sarcoma, fibrosarcoma, and chondrosarcoma. 

Tumours of the pleura show i-ounded shadows, sharply defined, usually 
attached to the parietes by a broad base. In tangential projection the pleural 
membrane may be seen passing from the side of the tumoxir into the chest wall. 
Artificial pneumothorax is often necessary for diagnosis. 

Sarcoma occurs in three forms: (1) Diifusely infiltrating, which carmot 
be distinguished from endothelioma : (2) cu-cumscribed, resembling an 
encysted effusion but found to be solid on puncture, and. as a rule, remaining 
on the chest u-aU after diagnostic pneumothorax. This tj^e sometimes, 
however, invades the lung. Reduction in size of the tumom.' may follow 
X-ray treatment. (3) A rare form, the giant jfieural tumour, of which Zenh 
collected eight cases, lies almost free in the pleural cavity, usually arises from 
the diaphragmatic pleura, and does not invade the -lung. Effusion is rare 
in this form. 

Endothelioma (mesothelioma) occurs in the pleural sac, usually near the base 
of the lung, as a flat or nodular mass, involving both parietal and visceral pleura. 
Nodules may occur in mediastinal Ijnnjlh nodes and ribs, and distant metastases 
in other organs. The growth may completely'- envelop the lung. Serous or 
blood-stained effusion occui's, which tends to be pocketed '' by fibrosis. 

Willis believes that the gi’eat majority of all reported cases of “ primary ” 
endothelioma of serous membranes are secondary to j)i’imary tumours of 
neighbourmg viscera, and quotes JRoberfsov to tlie effect that “ No diagnosis of 
primary carcinoma, mesendothelioma or endotheliojua of the pleura can be 
justified on any logical ground.” 

Bluing, however, believes that primary endothelioma of serous membranes 
is highly characteristic. 

According to Osier, primary endothelioma of the plem’a is not uncommon, 
Keilty being quoted as having found nine cases in 5,000 autopsies. Prominent 
symptoms are pleuritic pain, cough, iriction, progressive effusion, and dyspnoea. 
The effusions are usually blood-stained, but may be clear at first. There is 
usually progressive wealmess, vith emaciation and anaemia. 
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DiAGKOfeis. — Tjie&e cases are likelj' to present tJicinselvcs radiological!)' : 

(а) As a pletiral effusion, rapidly recurring-; nodulation may be visible if 
the effusion is not too complete. 

(б) As a pleural thickening, with or without nodules projecting fi-om the 
parietes into the lung fields, usually with well-defined contours. 

(c) As a large mass, simulating effusion, but solid on puncture (end stage 
of case). 

(d) An a shadow resembling diaphragmatic effusion — in the case of an 
endothelioma arising on the diaphragmatic surface. 

(e) As a mediastinal tumour, projecting into the lung-fichl and iX)Ss.ib\y 
occluding the bronchi. 

Artificial pneumothorax may clear up the diagnosis. 

The radiological and pathological appearances aro illustrated by a case 
(Figs. 30 j and 300) for which tlic uTilcr is indebted to Dr. Beath and 
Prof Young. 

The details of this case are as follows : 

History . — Previous histoiy good. One year ago 7 jlcvmtic pain right chest 
for one week. Two mouths ago pain in chest recurred. Dyspneea. Sign of 
pleural effusion. No sign of prinmrj' malignancy elsewhere. Effusion tapped 
five times, rapidly recurred. Ten iiints removed in all. J./Osing weight. 

X-ray Appearavce3 . — Right pleural effusion, witli susincion of underlying 
infiltration of lung. 

Two months later, the pleurisy recurred. After artificial pneumothora.v 
multiple round shadows on |)arictal pleura became visible, clear of lung, and 
suggesting pleural endothelioma. The jiatient died sLv months later. Autojisy 
sliowed the right pleural sac filled with a friable necrotic tumour. 

Prof. Young has kindly sent the following description : 

“ The lung is enshcathed by a layer of cellular tumour tissue. On the 
parietal surface the growth has cxtendcrl into the interlobar fissure, and on the 
diaphragmatic surface it thickens to form a larger mass. The mediastinal 
surface presents two large homogeneous masses of growth, which aie pi-ohably 
glandular. The lung is compressed and not grossly invaded hy the tumour. 

“Microscopically the stmctiu-c is alveolar, frequently associated with a 
papillary proliferation of< the tumour cells. The latter are spheroidal or 
cuboidal, and contain hyperchromatic vesicular nuclei with two nucleoli. The 
periphery of the lung shows a plasma celt infiltration and is, as a nile, sharply 
demarcated from the grow’th by a layer of vascular connective tissue. This 
layer of connecliV e tissue apparently represents the deeper part of a tliickened 
visceral pleura and is only occasionally penetrated by tlie growth. 

“The mediastinal nodules are probably glandular. They contain no sur- 
vi\’ing glandular structure, but their location is most suggestive.” 

Simple Cysts of the Pleura. — ^These are rare and of doubtful jctiology. 
Sixteen cases are on record. Freedman and Simon have described a cyst of the 
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pleura, presenting in tlie radiogram a clearly defined circular contour in the 
lower half of the left lung field. Autopsy revealed a thin-walled cyst, lined by 
a single layer of endothelium and containing clear fluid. A review of the liter- 
ature is given in the article referred to. 

CALCIFICATION OF THE PLEURA 
Pleural calcification is usually easily recognised, in the form of irregular 
plaques or nodules immediately subjacent to the chest wall. It follows 



Fic. 307. — C«leifi<^hon of plctiia, following old eniiijemn. 

injuries (hsematoiua) or infections of tlie pleural ca^^ty. Occasionally it is 
extensive and forms an incomplete shell over the outer part of the lung, in 
which three lines can be recognised : (1) The anterior edge ; (2) the posterior 
edge ; and (3) the projection of the parietal .surface. It is nearly always 
unilateral : clinical signs are those of thickened pleura. 

The condition has been fully described by Kjerp, uho collected 131 cases 
from the literature up to 1932. 


CHAPTER XXXV ; " 

PNEUMOTHORAX, HYimOPNEUlMOTHORAX, AND BY OPNEIBrOTHORAX: 

PNEUMOTHORAX 

The elastic recoil of the Img tends to separate the idsceral pleura from the,; 
wrietal pleura : this, separation eannot aqtuaUy take p ace,: smee. the.feee is 
fn^kient to create a vaeunm. Contact is also ..said to be , assisted to an 
Client cUfficult to detomiine by cohesion.pf the moist-surfaces to.oile another. 

It is diflieidt to see hoiv this force acts, since tlie surfaces .glide, over onq another 
irLelv at all events, the introduction of the least quantity of air allows ■ 
surfaces to separate at once, and converts, the potentiaP.space intp an;^ 

“““etiMssion of air may be via the Inng by rupture of the Ccirttiuulty oftlie :; 
visceral pleura (spontaneous pneumothorax), hr thronglr the chest waU .from 
penetmthig wounds, surgery, or. the exploring needle (artificial ]>neumothomx)., 

hffitiology . e ' - 

Svornncmts P«e«i.o(J oto.-Xhe rupture of the lung aheqli. into the, pleiufil 
caviW may result from various condition : (a): Empl,™^^ (2);,emphyr 
emaions bulhe ; (3) tuberculosis irith softening -pf the lung ,, parenchj™ 

M) in chronie fibrotie conditions, e.g. piieumocompsis. gilie resulting pnemiio- 
thorax may be limited to aportion of the cavity, (e.g. ;apica] localised pneiuno- 
thoraxin tuberculosis, limited by adhdsions) oraffeet thewlm 

If the pWal aperture remains open, the condibpn is, an open pne™^ 
thorax ■ nsW it closes, and allows the, air to bp^dually reabsorbed. •. Occa; 

s Zilv it persists as a valvular opening,;.cens.ng a great.ni^^^^^^^^ 

intollural pressure and dyspnoea, . Such cases may .ehmcally simifi.ate acute 
.abdominal dlease. Spontaneous pneumothorax has been observed , in new- 

bom children {Hoh)- H of .asphyxia neonatorum may 

benresent Eeabsorption is rapid and complete. . - , . . . 

Pacmoftomr.-Pneumothorax biigmatingdrom an opemug.-m 
the o ieit wall may hlso be open or closed. Examples of open pnenmothoras 
.fre met noth i,i penetrating wounds, and in dramage operations on the, chest, 

- The onset of a spontaneous pneuniothorax is often sudden,; aiK ,m,,„a., 
. UeaMy Stic indhddnal often occurs as.a result of some sudden effort 

■■ - ' -'439 ■ ' ■ ■■ ■ • • 
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tensed muscles and closed glottis. In one pertsojial case it occurred in an ntliletic 
young man «lii]o plaving nicquet}>, at tlic moment of “ swiping ” vigorously 
at a difiicult sliot In another it occtirretl in n workman while straining at a 
large spanner, in tigiitening a nut in an nwkuard position. In a third patient 
it came on suddenly while he was blowing into a Woulfc’s bottle, which had 
been iirescribed as a breathing exerdso. In all tlicse cases the onset is timed 
by a sudden acute pain, followed immediately by collapse and marked dyspncca. 

In about one-half of 
the sixty-one cases ob- 
served by KerJey tlieie 
was no histon’ of vio- 
lent effort, and the 
spontaneous p n e u - 
mothorax occasionally 
occurred during rest. 

Effects of Pneumo- 
thorax 

The lung coUai>scs 
in proportion to tlio 
amount of air ad- 
mitted, by virtue of 
its elasticity, until its 
retractive force is 
balanced by the nega- 
tive pressure in the 
pleural cavity. If 
there is a high intra- 
pleural pressure, tlie 
lung is flattened 
against the heart, and 
may be quite invisible. 
As a rule the collapsed 
lobes are seen, not en- 
tirely airless, but par- 
tially emptied of air 
and blood. The vascular shadows diminisb in size ; while those of the opposite 
lung, now taking almost the entire pulmonary circulation, become broader and 
denser and show a richer network. The retracted lung enlarges with each in- 
spiration Outside the lung is ozone of absent lung -markings through which the 
detail of the nhs shows crisply. The nbs on the affected side run more horizon- 
tally, and the intercostal spaces are widened. The diapliragm is depressed and 
often shows reversed movement. The mediastinal structures are displaced 



Fio 308 — Pneumothprax. Band like oUheoionA from lung to 
ape\, and to djaphrogm. 
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towards the opposite side. Ballooning of tlie mediastinum is seen if the pressure 
is high. This may occur in tno phices : (a) In the posterior mediastinwn ; or 
(fc) beliind the upper part of the sternum — the more common site. 

(a) Dandhis has shown that at the retrocardiac weak spot the lungs are 
almost in contact with one another and only separated by the pleural leaves. 
In pneumothorax with high pressure a translucent area is seen here, passing 
across the midline, with a etirved border. Tliis is due to bulging of the 
postenor mediastinal pleura at the pasterior weak .spot, bcliind the cesophagus. 



Fic 310 — Spontaneous pyopnoumotborax Same coso, erect , mediaatinal liernia etill 
under pressure Supine marked mediaMmal \itible FluullcN cl right base, 

hernia. 

The trachea and oBsophagus, in front of the weak spot, also deviate slightly 
from the midhne. 

(6) Anteriorly the anterior mnigin of the pleura may also cross the midline. 
If fluid is present in tlie pneumothorax cavity, and the mediastinal “ hernia” 
is large, a pocket fluid, shoiving a horizontal level, may occur on the normal 
side, in the lower part of the hernia. 

In rare instances air may enter the space between the mediastinal and 
visceral pleura showing a translucent line bordering the heart (mediastinal 
pneumothorax). 

Radiological Diagnosis 

The diagnosis of pneumotliorax is easy when uncomplicated by fluid ; it 
is one of the few chest conditions which present quite tvpical appearances. 
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Difficulty arises only in partial pneumothorax, in incomplete pneumothorax, 
and in a few very rare conditions (extensive buUous emphysema, extensive 
congenital cystic disease). It is, however, quite easy to overlook a pneumo- 
thorax when the space is small — ^that is, when the lung has collapsed very 
little or has almost completely re-exj)anded. The lung in such cases may loolc 
almost iiormal, but careful inspection will show its edge as a faint line running 
internal to and parallel with the chest margin. It is extremely valuable to make 
the examination (especially fluoroscopy) in full inspiration and full expiration. 
In the latter phase the pneumothorax cavity becomes larger and more obvious. 

By the same procedure the jDarodoxical movement of the diaijhragm and of 
the mediastinum and heart may be observed. The direction of movement in 
both cases is townrds the pneumothorax in inspiration. This does not occur 
in open pnetunothorax. The movement of the mediastinum is then towards 
the sound side of inspiration, miless the opening in the chest wall is very small. 
If an opening is made into the pleural cavity tlirough the chest wall in animals 
and a tube inserted, paradoxical movement of the mediastinum and dia- 
phragm is observed* when the tube is closed, normal movement when it is 
opened (Assmann), 

IMany complicated theories have been put forward to explain paradoxical 
inovement of the mediastinum in imeumothofax, bur it is easily explained if we 
remember that costal respiration enlarges both sides of the thorax, and that in 
the total space is suspended only one acting lung. This lung exj)ands as a 
w’hole, filled with air at atmospheric pressure, and takes up as much of 
the available 8i3ace as it can. It finds no rigid barrier in the midline, which 
it now transgresses ; the mediastinum becomes boW’ed. and the mediastinal 
structures move towards the pneumothorax side. The air in the pneumo- 
thorax ca^^ty is at the same time rarefied by the expansion of the thorax, 
and resists this encroachment with diminished force. During expiration 
the reverse occurs. We may regard the mediastinum as being sucked 
towards the pneumothorax in inspiration. Parodoxical movement of the 
diaphragm can be explained by a similar mechanism, assisted by the increased 
pressure in the abdomen wliich results from the dowmward movement of the 
normal diaphragm ; but the reason for the apparent inertia of this strong 
muscular structiu’e is unknown. It has been found by observation and bj’^ 
electrical records to be actually contracting at the moment of elevation. 

Localised PnettjMothorax. — ^Localised pneumothorax maj'- occur in the 
presence of adhesions either on the thoracic wall or at the apex, or even occa- 
sionally in an interlobar fissure. It may sometimes contain fluid (localised 
hydrojinexmiothorax). The apical form is difficult to distinguish fi’om apical 
cavity or a large apical bulla. Localised pneumothorax has been observed on 
the mediastinal surface of the lung. 

Adhesions are occasionally seen in spontaneous ijneumothorax in the form 
of fine strands leading out from a peak on the lung surface to some part of the 
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chest «all. TJiey may be broad or delicate and are often imiltiple. They are 
best studied by stereoscopic radiograms. 

BuLL-i:. — On the surface of the collapsed lung in a case of pnoumotlioras, 
ijulire are sometimes observed (Sn«? and Gtmlon). Tliese ate sometimes ciicum- ^ 
scribed, about 3-7 cm. long, and have clearly defined contours both towards *' 
the pneumothorax and towards the long itself. They lie on the outer surface 
of the upper lobe or apex. 

Larger bulla are sometimes seen with sharp extental contours. Ul-defined 



Fia. 31 1. — Right apical pneumothorax. 


towards the lung Tliese are subpleural collections of air resulting from 
interstitial emphysema. 

TnicKEXTXG OF THE Pleura. — This is occasionally visible as a broad zone 
of shadow either on the parietal or visceral pleura, most commonly in cases 
of air replacement of pleural efTiisions, or in cases of empyema after drainage. 

FiBTirx Bopies. — These are rounded collections of fibrin, often seen in cn.sc3 
of air replacement of jileural eifusions. They may be free, or attached, and 
sometimes calcify. One theory of their origin is that they result from small 
haimorrhages during paracentesis. 
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Course 

The coui-se of spontaneous pneumothorax is favourable, and the air is 
completely reabsorbed hi the average case iji four to six weeks, hi some cases 
within a fortnight. In exceptional cases the pneumothorax may persist for 
.‘Several years. Presumably in this case there is a pleuropulmonary fistula. 
The older the patient, the longer the time required for re-expansion. Although 



(«) (i') 

I’lG 312. — (a) Vncmaoma two weeks previously Loculatcci pyopneumotlioiax under high 
pressuie 'with inediabtinal hernia. Fluid-level can he traced acioss midhne (6) Lateial v'lew 

a tuberculous aetiology is often suspected, veiy fev of the patients ever 
develop tuberculosis. 


HYDROPNEUMOTHORAX 

Hi’-droimeumothorax may arise : (a) By the secretion of pleural fluid into 
a spontaneous or artificial pneumothorax ; (6) by the admission of air by 
paracentesis, air replacement, or open operation into a thorax already con- 
taming pleura] fluid ; (c) by rupture of an effusion, serous or purulent, into a 
bronchus ; or {d) by rupture of an ab.scess of the lung into the pleura. 

The diagnosis is usually easy. The picture in films taken in the erect 
position, shoving pneumothorax cavity, collapsed lung, and horizontal fluid- 
level, is quite tjpical. On screening, mediastinal displacement and para- 
doxical movements of mediastmum aird diaphragm are recognised, and ex- 
aggerated pulsation of the unsupported heart and ripples on the surface of the 
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fluid may be seen. Tlie film should be madeAfitli the tube centied as nearly as 
possible level \Tith the top of the fluid. ICthis is not done the fliiid-lerel may 
be ill-defined instead of sharp, or a double line be seen, .due to projec- 
tion of the anterior and posteiior edgre of the fluid separately. 

It is not possible to distinguisli serous fluid from pus, unless the latter is 
very thick and moves sluggishly. The UTiter has never observed this sign. 
Thickening of the panetal pleura occurs more often and is more pronounced 
vith empyema, but may occur witli serous effiisions. 

A partial pneumothorax, with only a trace of fluid in the costo-phrenic angle, 
may be missed imless great care is used. Large hj’dro- or pyopneumotboraces 
may be„over]ooked, if, owing to the patient’s condition, the examination is made 
in the supine position. Tlie unilateral op.icity due to the fluid, togcthenWtli 
the displacement of the heart, may lead to a diagnosis of “ pleural effusion,” 
though physical signs may have iiointeil clearly to the presence of air as well 
a.s fluid. The mistake is obviated by the adoption of any manoeuvre capable 
of shouing a fluid-level. Localiscil hydro- or pyopneumothorax may occur 
in any of the situations in wliich encysted effusions are found {parietal, dia' 
phragmatic, mediastinal, or interlobar). 

l2fTERLOB.\ii HrDEOPKEtJitOTnoRAX.— Just 08 a communication between 
the lung and the main pleural cavity may lead to a pneumo- or Jiydropneumo- 
thorax, so may a penetration occur Into the interlobar spaces, leading to the 
development of an interlobar pneumo- or bydropneumothorax. The presence 
of a horizontal fluid-level merely proves the existence of a cavity containing 
au- and fluid, and only a most careful e.ramination will determine whether this 
is mtrapulnionary or interlobar. An interlobar bydropneiimothoras maj' nbo 
arise from rupture of interlobar exudate into a bronchus, and in one personally 
observed case in which an interlobarcffiision was topped by a small air bubble 
the cause was apparently infection with a gas-forming organism. Interlobar 
bydropneumothorax-has to be distinguished from abscess, or other cavity. 

The sharp demarcation of its contours, when carefully examined from all 
angles, is the chief point of distinction.. If the case is one requiring .surgerj’, 
the principal duty of the radiologist is the exact localisation of the lesion in 
relation to the chest wall, and the time available is best devoted to this end, 
especiall5-if the patient is sick andhas only Lmited powers of endurance. In this 
ease ait exact solution of the diagnostic problem may have to be subordinated 
to more practical considerations, 

Hydropneurabthorax after Air Replacement 

In a series of cases of pleural effnsion treated by air replacement by 
Williamson at'the Jlanchester Royal Lifirmaiy the wTiter had an opportunity 
of studying the radiological appearances. The lung w'as found to be collapsed 
to an extent w hich varied with the size of the effusion. This collapse was always 
more marked in the lower lobes. The shape of the collapsed lung was very 
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right side the differentiation Is often a mutter of great liifficnlty. Before 
rupture, while the shadow is still homogeneous, tJie upper domed contour looks 
exactly like that of an upwardl}' enlarged liver {tumour, cyst, hepatic abscess), 
or of the diaphragm pushed upwards by subphrenic abscess. In all these con- 
chtions diaphragmatic niovementa may be absent, though in intrahepatie 
conditions some niovenient is usijally retained. After rupture v. hen pyopneurao* 



Vio. aio — PoHt-pneuinonic empjefns. PyopneumotUoiax Tliicliening of pariptal pleura, 
and, to a lest extent, ot visceral pleura 

thorax is present, the difficulty is to decide whether the dense line arcliing 
over it is the diaphragm itself, or the lower limit of the lung. In the latter 
case the upper border of the arched line is often blurred and ill-defined owing 
to condensation of the lung tissue by aubpleural inflammation and pleural 
thickening ; but this does not necessarily differentiate it from the diaphragm, 
for subphrenie infection often accompanied by diaphragmatic pleurisy, 
which produces a similar shadowing above the diaphragm. Considerable help 
may be afforded by examination of the patient while he lies on the left side ; 
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a postero-anterior or nntero-i)Oslenor view in tin's position Mill show either 
(I) that the air bubble readies tiown as far a** the normal position of tlie 
diaphragm on tiie lateral diest w'all and no farther (pj-opnoiimothorax), see 
Fig. 317 , or, (2) that it extends down into the abdomen (subphrcnic absce«is). 
Tins procedure may be supplemented by a lateral view with tiie patient supine ; 
in tins position an aiitertor subplirenic abscess containing gas show s a gas bubble 
extending downwards along tlie anterior abdominal wall in front of tlie liver. 

TJicse procedures have the adx’antage that the}’ cau.se little disturbance of 
tlie patient. Tliey are best eanied out on a tilting coueli, so that tlie liead end 
iiia> it desired, be lowered. On the left side the problem js rendered a little 
simpler by the presence of the stomach, which, if it contains air. outlines the 
under surface oi tlie diaphragm, and can be made to do so better by giving the 
jiatient an opaque or effervesoent drink. If the dinpliragm can be seen, the 
pyopneumothorax is easily localj''ed correctly in tlic thorax. The lateral 
Ijing position is, however, even here, of distinct value, for if the patient lies 
with the left side uppermost and a postero-anterior view be taken, the air 
bubble of a subphrcnic abscess, lying along tbc lateral abdominal wall, ran be 
easily distinguished from the mayenblasc. From gas in the colon it is distm* 
guislied by the absence of hnustra The dowTiwanl extent, and tliereforo tlie 
size, of tlie abscess can also he estimated by tins metliod. 
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CHAPTER XXXW 


THE X-RAY APPEARAXCES OF THE LUXGS FOLLOWIXG PXEXFMO- 
THORAX AXD SURGICAL PROCEDURES 

t 

By Peter Kereey. H.D., F.R.C.P . D M.R.E. 


ARTIFICIAL PNEUMOTHORAX 



Reckkt statistics from practically all countries sllo^v that the jirognosis in 
pulinonarj^ tuberculosis has vastly improved during the last tirenty-five years. 
This improvement is due 
to a number of factore. 
such as earlier diagnosis 
and improved conditions 
of living, but chiefly to 
the successful use of arti- 
ficial collapse of the lung. 

The indication for 
active treatment in a 
case of pulmonary tuber- 
culosis is chronic cavita- 
tion. The patient's 
general condition, his 
occupation, and his 
economic j)osition are 
also important conridera- 
tions outside the radio- 
logist's sphere. Xot all 
cavities demand active 
interference, and it is now 
veil known that fresh 
thin-walled cavities de- 
veloi)ing rapidly in a zone 
of exudative infiltration 
can be healed by rest and 
medical treatment. A 
thiek-v ailed cavity sur- 
rounded by fibrous tissue 

vill not heal spontaneously, and the patient's outlook depends largely on 
whether such a cavity can be collap'^ed or not. It is obvious that extensive 


Fig 317 . — Left arfi.'icial pneumothorax Theie is a thick 
ndhe-ion bctii een t Jio 3i d rjb and the lung surf-ico o\ er the cavity. 
The bronchus draining the caMty is clearly Msible. Unsatis- 
factorA' eollap-e with inhalation infection of the right middle 
and lovei lobe-. 
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piogressive infiltmtion in the opposite lung is n contraindication to pneumo- 
thorax treatment except in a small group of cases nhero tlie disease in both 
huigs progresses m spite of rest and gold injections. In such cases a bilateral 
pneumothorax may be induced. 

The X-ray appearances of the lung tissue and pleura surrounding a cavitj 
are no guide at all as to whether the lung can be collapsed bucces'ifully or not. 
Time and again one secs cavities sxurounded by dense fibrous tissue ami appar- 
ently grossly tliickened 
jileura, and one’s im- 
jircssion from the plain 
film IS that this lung 
will be firmly fixed by 
pleural adhesions. A 
pneumothorax is in- 
duced and the lung 
collapse.s beautifully, 
The only way by which 
one can estimate 
w hethcr a pneunio- 
thoia.N will bo success- 
ful or not is to mdiico 
the pneumotliora.x. 

The old theory of 
artificial pneumothorax 
presumed active com- 
pression of the lung as 
the ideal to be aimed 
at. This theory is now 
being discarded, and 
the modem idea is to 
produce such a con- 
dition of affairs in the 
thorax that the diseased 
area of lung tissue will relax and as little pressure as possible be placed on the 
healthy lung tissue. 

At the beginning of a pneumothorax only small quantities of air are intro- 
duced into the pleural cavity. On the radiogram the edge of the lung becomes 
cleaily visible, and fn most cases cavities in the Iimg also sliow up much better 
As the pressure is increased by refills of air, the lung relaxes more and more 
towaids the mediastinum. The lobar indentations can be seen on its edge and 
the pulmonarj’ vessels, which are congested as well as compressed, show up 
with great clarity. Dunng tliis process cavities in the relaxed lung alter in 
shape, gradually becoming oval, then elliptical, and finally in successful case.? 



Fio 313 — Risht artificial pneumothorax «ith aupeninpo~e<l 
atelecta',19 of the lotrer lobe Anterior metliaituial hernia 
Moderate hv-perieroia of the left lung 
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disappearing. At the same time a fluxionary Jiyperremia is taking place in 
the opposite lung, the vessels becoming thicker and denser, Adth some con- 
sequent loss of aeration. It is ])ossihle to confuse engorged end-on vessels in 
the healthy lung AAdtli fresh infiltration, but with good technique the differen- 
tiation is easity made. 

Mediastinal Movements. — The movements of the mediastinum must be 
carefully studied during an artificial pneumothorax. In some inrh'Adduals the 
mediastinum is a veiy rigid structure, and. in others it is very lax and sAvings 
easily to either side. Excessive displacement of the mediastinum frequently 
occurs during a imeumothorax, and Avhile such displacement is not immediately 
dangerous it can nullif 3 '- the benefits of the pneumothorax and predispose to 
infection of the health^' lung. The X-ray appearances vary according to tlie 
rigidity or laxity of the mediastinum. 

With a A’ery slack mediastinum the pressure in the lAneumothorax inay 
cause a marked displacement of the trachea and mediastinum to the opposite 
side ; this in itself is of little significance until it reaches a stage Avhere it inten- 
sifies the flu.xionary hyperfemia in the healthy hihg. The circulation is then 
embaiTassed, and there is constant danger of infection of the health^’’ lung. 
With a rigid mediastinum the heart and trachea do not SAAing much over' to 
the opposite side, but thej’’ rotate considerably AAlth similar embaixassment of 
the circulation. Unfortunately such circulalorj^ distm’bances often deA’-elop 
AAuth a pneumothorax pressure insufficient to cause relaxation of the diseased 
area of lung tissue. 

So-called mediastinal hernise often dcA'elop during pneumothorax in indi- 
viduals Avith a A'crj' slackniediastinum. In the normal individual there is apA-aj’^s 
a XAotential space immediately behind the sternum, and under certain circum- 
.stances the pleura can slip across this space and ajjXDear as a^thiij semicircular 
line on the opposite side. Such herniation of the mediastinum is of no signifi- 
cance in a slack mediastinum ; it does not signify excessive j)ressure, and I haA^e 
often observed its occurrence in patients AA’ith partial loAver lobe collajAse AA'here 
the relative xpressure alterations Avere triAual. Li a rigid mediastinum, hoAA^ever, 
herniation does not occur luiless there is excessiA’^e pressure ; should herniation 
occur suddenfy, the patient eollaijses. and indeed the incident may cause 
death from shock. This is a rare complication, and fortunately radiograplty 
reveals the danger early. In the ordinary postero-anterior radiogi-am the 
point of potential herniation seen from the li’ont is at the level of the third to 
the fifth dorsal A^ertebree, and this leA^el should be carefullj'^ Avatched. If the 
heart and trachea are rotated, and if at this leA'^el a thin Avhite line appears at 
all on the contralateral side, there is excessNe pressure present. 

Li many cases excessive mediastinal di.splacement and/or excessive hyper- 
ceinia of the healthy lung develop before there is adequate relaxation of the 
diseased area. Increasing the pressme with the object of forcibfy coinpressing 
1 he cavity does more harm than good and definitely tends to infect the opposite > 
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lung. In some of these cases where the cavity is thin-walled and partially 
collapsed the pneumothorax need not necessarily be abandoned. Such a 
cavity may slowly heal, oven though its walls do not aiipear to be in apposition, 
and, provided clinical evidence shows that the disease is being controlled, the 
pneumothorax should be maintained at an optimum pressure. If, however, 
clinical signs point to progression of the disease, tlie case must be reviewed and 

additional or alterna- 
tive methods of collapse 
considered. 

Pleural Adhesions. — 
The commonest cause 
of inadequate collapse 
dunng an artificial 
pneumothorax is 
jileural adhesions 'Such 
adhesions can be easily 
visualised on radio- 
grams , they show as 
ojiaquc bands nnmmg 
from the edge of the 
lung across the empty 
pleural space to the ribs 
Their thickness cannot 
be estimated by racho- 
graphy.nor is it possible 
to state whether the 
medial end of an adhe- 
sion contains lung 
tissue or not. The 
\alne of radiograpliy 
is in aiion’ing which 
adhesions aie prevent- 
ing effective collapse 
Not all adhesions are harmful, and, m fact, some may be beneficial. An apical 
adhesion, for example, is often an important factor in securing apposition of 
the walls of a cavity. Theie are various methods of locahsing adhesions, but 
tlie most effective are undoubtedly stereoscopy and tomography. 

There are two methods of dealing witli adhesions vhich are preventing 
jiroper coUaxise. Tlie adhesions may be severed under direct vision through a 
thoracoscope or tlie diaphragm may be paralj-sed. The divxaion of adhesions 
by the elecfro-caulerij is now- a simple and painless operation in skilled hands. 
The operator can see the adhesions, can determine their exact natiu^, and can 
even see wliether there are tubercles on them or not. In the earlj’ daj-s of 
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pneumolysis, when diathermy was used for. severing the adhesions, there was, 
some risk of luemorrhage and the development of a hsemo- or pyo-pneuiho- 
thorax. Such complications are now rare, and folloudng the operation one 
seldom sees anjdliing hut a mild degree of siu-gieal emphysema. In 
properly selected cases the operation is emurently successful in securing comT 
idete collai^se of a cavit 3 ^ , , . 

Phrenic paralysis is often very useful in secm-ing relaxation of adhesions. 

The, diaphragm maj* he paralysed temporarily simply, efusliiiig. the phrenic 

nerve, or it maj* be paralysed permanently by avulsing the nerve'. The 
modern j)ractice is fii’st to crush the nerve, and if the result is obvioush’ good, 
a mlsion is carried 
out later. The 
characteristic X-raj^ 
appearances of dia- 
phragmatic, paralysis 
develop in a w^eek to 
ten daj^s after the 
operation. The cha- 
phragin slowly rises 
to the cadaveric posi- 
tion, and its move- 
ments either disaj)pear> 
or become pax’adoxie. 

As a result' of the 
altered position of the 
diaphragm there is in- 
creased relaxation of 
the lung, while the 
capacity of the pleural 
space is decreased and 
adliesions tend to be- 
come slack. In certaui 
cases it may be necessary to perforin both jxhrenic avulsion and pneumor . 
thorax before the Imig is proper^ collapsed. , , . , , 

Selective Pneumothorax. — In veiy man}^ cases in which a pneumothorax i4 . 
induced only one lobe is diseased. Considerable work has been done with the 
object of discovering a method wherebj’ onlj’^ the diseased area is collapsed.. 

In an ordinarj’^ pneumothorax the whole of the'hmg,- includhig bbth liealtiy 
and diseased areas, collapses. This does hot, predispose to infectioai of the 
liealthj' area, but it is obviousty to the patient’s, advantage to keep as much ■; 
•healthy limg tissue as possible inflated. J/o-ttrer has mcently devised a xnethod ' * 

', wliieh promises to be effective in .securing selective collapse, of a diseased area. v,j£' 
A pneumothorax is induced and the whole of the lung, collapses. . The natural 



Fig. 320. — Right- artificial pnoumothorax' complicated ' by 
fluid. The lower lobe has re-expanded and pushed the, hydro- 
pneumothorax 'upwards. . .. 
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tendency of tlie lung is to re-expand unless air refills are carried out at regular 
intervals. J/nwrcr introduces into tlie pleural ca\ity small quantities of a 
.solution of glucose. This substance provokes a fibrinous pleuritis, and by 
'’kilfully alternating the air injections and the glucose injections tlie healthy 
area is allowed to re-expand and stick -while the diseased area is kept com- 
pressed. A distinct advantage of tliis method is that the mediastinal leaves 



of the pleura become 
adherent and a slack 
mediastinum is con- 
verted into a rigid one. 

Oleothorax. — In 
most cases of artificial 
pneumothorax witli a 
free pleura there is no 
difficulty in keeping 
the lung relaxed by 
frequent refills of air, 
and as a rule the m* 
tervals between the 
refills gradually be- 
come longer. Ocoa- 
bionally one sees a case 
in which the lung 
tends to re-expand so 
rapidly that refills at 
least two or three 
times o week would 
be neccssarj' to keep 
it relaxed. It was 
thought that if some 


Fig 3J1 — Pleural obliterallon on the left snle. Fresh infection 
of the right lung. 


heavy substance, such 
as oil, were injected 


into the pleural 

cavity, the weight of this substance irould keep the lung doivn and 
eliminate the necessity for frequent air refills. Various oils were employed, 
and the one which gained most favour w-as a French compound known as 
Gomenol. TJiere was no doubt w'hatever of the effectiveness of a heavy oil in 


the jileural cavity in keeping the lung compressed, but unfortunately a large 
number of the patients so treated eventually coughed up the oil — in other 
words, the lung ruptured. The reason for this complication is obscure — but 
probably the oil causes active compression instead of relaxation of the lung. 
The method has been almost completely abandoned because of the danger of 


rupture, but it was iindoubtecllj' successful in a small percentage of cases. 
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’he appearances of an oil injection of the pleural cavity are identical vith 
hose of an encysted pleural effusion, i.e. a dense, well-defined opacity with no 
inig marldngs ^nsible through it and widening of the interspaces over it. 

Hydropneumothorax. — ^Pluid in the j)leural cavity is a frequent complica- 
ion of artificial pneumothorax. It may develop insidiously without Imown 
ause. but excessive exercise bj’- the patient certainly tends to provoke it. 
duid in a iineuino- 
horax finds its own 
3vel, and vith the 
latient erect appears 
s a dense opacity with 
n upper horizontal 
3vel. The level varies 
rith the position of 
he patient, who is 
i.sually aware of the 
)re.sence of the fluid. 

^ small hj'drothorax 
5 not of much sig- 
lificance, and Arith 
‘are and suitable treat- 
nent it often resohes. 
ioraetimes the fluid 
Lccumulates rapidly 
md may so inerea.se 
he intrapleural pres- 
.ure that re.spiration 
md circulation are 
mibarrassed. Aspira- 
aon is then necessary, 
fhc X-ray appear- 
mces of excessive 
Ares sure on the 
uediastinum and 
lealthy^ lung are an 
Abvious guide to the 
ime for aspiration. 

In many cases comiAlicated by fluid it is difficult to maintain the intra- 
fieural pressure at an optimum level, and the lower lobe tends to re-expand.,^, 
^s the loAver lobe expands toAAurds the jjeriphery Ave see the hydropneiunc'' 
jhorax slowly pushed upwards, and AAdien eventual^ the parietal and , ‘ 
plem'a over the loAA'er lobe are in apposition, adhesions form and the tAAn ]a\ 
dick. This may result in a seleetiA^e collapse of the upper lobe (often . 



F1G.A322. — Bilateral ailificial pneumothorax. Good collapse of 
both lungs. Small quantity of fluid at tho right base. 
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diseased area), and in a good case the selective collapse can be maintained by 
judicious refills. If the whole lung le-espands while there is fluid in the pleural 
cavity, we get a condition known as pleural obliteration. Tlie whole of the 
affected side shows considerable loss of transluccncy, and near the periphery 
tliere may be no lung tissue visible. Frequently a sharp crescentic line with 
its convexity outwards separates visible lung tissue from complete opacity. 
The appearance is similar to that of a resolving pleural effusion, save that in 
obliteration the intercostal spaces are contracted. Calcification of the pleura 
is rarely seen after re-expansion of the lung following a hydropneumothorax. 
Occasionally fluid in a pneumothorax becomes organised into Mhat is knonn 
as a fibrin body. Such a body is seen as an oval opacitj' of liomogeneous 
density Ijdng free in the pleural cavity. Usually a fibrin bod^' can move about 
fieely vithin the limits of the pneumothorax, but there are a few records of a 
fibrin body being attached to the parietal pleura by a stalk of fibrous tissue. 
Calcification of a fibrin body lias also been described. Follo^^ing re-expansion 
of the lung a fibrin body can bo absorbed or remain permanently at the bottom 
of the pleural cavity. These bodies are of no clinical significance. Occasionally 
atelectasis develops in a lung partially collapsed by pneumothorax ; this is of 
no clinical significance. 

PHRENIC CRUSH AND PHRENIC AVULSION 
Temporary or permanent paral^-sis of the phrenic nerve is usually einplojed 
as an accessory method of relaxing adhesions in a pneuraotliorax. Experienee 
has shown that diaphragmatic iwiralysis causes more relaxation of the upper 
lobe tlian tlie lower lobe. Altliough the treatment is viewed with disfaxmiir by 
many, vt lias definite value in selected cases. The X-ray appearances of 
jilirenic paralysis are well known. The diaphragm rises one or two interspace*! 
higher than normal and its movements disappear completely or become jiara- 
doxic. These phenomena manifest themselves in a week to ten daj-s after the 
nerve is cnished. Simple cnishing of the nerve produces temporary paralysis 
lasting four or five months, after which period tlie diaphragmatic movements 
and position return to normal. Avulsing the nerv'e causes permanent paralysis, 
and the affected side of the diaphragm finally becomes a thin fibrous sheath- 
Occasionally a plirenio crush causes paralj'sis only for about a month, and rarely 
it causes pennanent paralysis. 

The indications for a phrenic operation cannot be discussed here, and indeed 
can only be assessed in a given case. Roughly speaking, an upjier lobe cavity 
whicli cannot be collapsed by a pneumothorax and which is unsuitable for 
tJioracoplasty can be helped by phrenic jiaralysis. Basal cavities are seldom 
favourably influenced by phrenic paral^is. Should a patient with a phrenic 
jiaralj sis lie subjected to a thoracoplasty, tbe operative risk is slightly inci eased, 
owing to the danger of aspiration pneumonia. 
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PLOMBACE 

This is a method of exerting local pressure on a cavit}' by making a small 
opening in the chest wall, detaching the lung from the inner surface of tlie 
thorax, and filling up the space with wax. Some forms of the wax are radio- 
opaque and produce a dense shadow, through which nothing can be seen. As 

the compression effect 
of a ploinbage can only 
bo checked by radio- 
graphy, the njodeni 
tendency is to use a 
radiotranslucent sub- 
stance. Plonibage has 
not proved ver\ effec- 
tive insecuring seiecti^ e 
collapse of a cavity, but 
it is often useful in 
association with other 
surgical procedures 

EXTRAPLEURAL 
PNEUMOTHORAX 
Tlnsisanew method 
of treatment which has 
not yet been extensively 
tried. It promises to 
bo very successful in the 
treatment of apical 
cavities with adhesions. 
The posterior part of 
the tliird nb is removed 
and the parietal pleum 
over the apex and dow n 
to the lung root is 
separated so that the upjier lobe collapses. The collapse is maintained by an 
extrapleural pneumothorax until the cavity has healed. 

THORACOPLASTY 

When all other methods of closing a cavity fail, thoracoplasty must be 
resorted to The operation consists in removal of large areas of a number of 
ribs, so tliat the wliole of the ebest in the region of the cavity falls in With 
increasing experience and more careful selection of cases, the results of thoraco- 
plasty are .steadily improving and the operative mortality is steadily decreasing. 
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The operation lias completely cured man^' tuberculous patients uho in tlie pre- 
thoracoplasty era woiilcl have gone steadily downliill. TJiere are many modi- 
fications of tJie technique, the surgeon deciding from tlie location of the cavitj' 
Jiow many ribs will require lemoval to ensure complete collapse of the cavity. 
As in pneumothorax, the surgeon’s object is to obtain selective collapse and 
interfere as little as possible uitli healthy lung tissue. Accurate localisation 

is most important, 
and this is much 
better achieved by 
tomography than by 
routine radiograplij-. 
As tiierc is consider- 
able pleural thickemng 
following a thora- 
coplasty, tomography 
18 really the only 
method of revealing 
the effect of the opera- 
tion on the cavity. 

Immediately after 
the operation of thora- 
coplasty there is a fair 
amount of surgical em- 
physema, and on a 
plain radiogram a col- 
lection of air in the 
soft tissues may closelj' 
simulate a large un- 
collapsed cavity. I 
have seen such a col- 
lection of air in the 
soft tissues with a little 
serum forming a fluid level, so snjienmposed on the mediastinal shadow* ns to 
simulate a mediastinal abscess. 

Follow-ingthoracoplasty,theribstendtoiegenerate very quickly, thinstripsof 

new bone forming in the course of a few mouths. This new bone is not very 
strong and fractures with slight trauma. Tliese fractures are easily 8 ho^vn up and 
are treated like ordinary rib fracture**. There is considerable pain at the time 
of the fracture, and this may lead to suspicion of a spontaneous pneumothorax. 

LOBECTOMY AND PNEUMONECTOMY 
Remoiral of a lobe or a lung may be carried out for broncldectasis or car- 
cinoma. The operative mortality is steadily decreasing, and the results in 



Fig 32S — The riglit lower lobe wah iemo\p<i for bronciiieeCitftis 
li montlii pieMonsh 
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broncliiectasis are most successful. Before operation for bronchiectasis a 
careful lipiodol examination of the whole of both Imigs must be carried out. 
Only one lung is investigated at a time, so that a good lateral lipiodol 2 >icture 
inaj’- be. obtained. The major bronchial arborisations in each lobe must be 
shovm up clearly. The necessity for this precaution is obvious, as it is futile 
to remove a lobe or a lung if the other side is diseased. Following a lobectomy 
of the lower lobe, the chest wall shrinks a little and the upper lobe overdistends 
to fill the thorax. There is usuaUy a little |)leural thickening at the base and 
slight disifiacement of the heart and mediastinum to' the affected side. As a 
result of the overdistension of the lung the finer vascular markings near the 
periphery are absent, and, of course, the total munber of vessels seen is 
diminished. . - 

The bronchial stmnji at the site of the resection dilates a little and, if sub- 
sequent lijnodol mjection is made on this side, the lipiodol-filled stump may 
, be 3Jiistaken by the mimitiated for a fii-esh bronchiectatic cavity. 

/ Follo^ying a .pneumonectomy, the .clie.st wall falls in considerably*, and when 
the wound heals and the aii- in the emjity sjjace is absorbed, the, whole of the 
hemithora.x appears, ojjaque. This opacity is intensified by the thickening of 
, the parietal pleura which usually follows a pneumonectomy. The heart and 
mediastinum are jiot grossly displaced following this operation. 
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URINARY AND L'LALE GENITAL TRACTS 

CHAPTER XXXVII - 
THE URINARY TRACT: TECHXIQUT? 

GENERAL REMARKS 

The URiis aky tract is examined in each of its regions plain radiograph}’ or, 
more commonly, by a combination of plain radiograpliy and contrast medium 
m’ogi’aphy. The precise routine m\ist be determined by circumstances. Eor 
the satisfactory radiograj^hic investigation 'of these cases the co-operation of 
radiologist and urologist is most deskable. In some eases the services of the 
urologist are indispensable, as when cystoscopy and catheterisation of the 
ureters is required. But even in those in v’hicl] such instrumentation is not 
adopted, the decision to be content with less elaborate methods of radio- 
graphic investigation can be properly anived at only by consultation between 
clinician and radiologist. 

The ideal arrangement is when the radiologist and urologist are both so 
placed as to be able to follow the investigation througJi to its comi^letion at one 
.sitting. This is not always possible, but its achievement is simplified if the 
patient be in an institution in Avhich tljere is a combined X-ray and operating 
theatre for urological cases. 

In such circumstances, inspection of the preliminary plain radiograms will 
indicate whether the use of contrast media is desu-able. If so, they are applied 
forthwith semndtm arievi, and the further radiography immediately carried out. 
In the cases where the use of contrast media involves cystoscopy, the collection 
of pathological specimens, biopsy, etc., are dealt vdth at the Same time. 

In many cases, however, plain radiograpliic investigation only is carried 
out at the first sittmg (this applies particularly in the case of suspected cal- 
culus) ; on the results of this examination it is decided whether further 
measures are needed. On the whole, this is a time-wasting method, since 
in few cases only does the additional use of contrast media fail to afford 
further essential information. Since the introduction of intravenou.s 
urography, the use of that method offers so little extra inconvenience as 
almost to warrant its use as a routine nreasure. in the absence of spee*^ 
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contraindications in the case. Indeed, each a routine is nou' tlie practice of 
many urologists. 

In an increasing number of cases the routine adopted is first plain radio- 
graphy, followed immediately by intravenous urography. Then, if the latter 
fail, as it sometimes does, to elucidate the condition of the renal pelves, 
instrumental urography is carried out on a subsequent date. Tliis .seems to be 
a leasonable compromise between the two systems of technique. 

PREPARATION OF THE PATIENT 

Preparation for Plain Radiography.— In many cases, uliere the available 
time is too sliort to allow of any preparation, the examination proves to 
be satisfactory without it. In an appreciable percentage, liouever, the 
examination is unsuccessful without preliminary preparation, because of 
obscuration of tlie film by fjcces and gas. Gas in the inte.stines is the par- 
ticular bugbear of genito-urinary radiograpJiy. With modern low kilovoltage 
technique, a large collection of gas in, for example, tlie splenic flexure 
may entirely blot out the left renal area. Fasces tend to obscure the pelvic 
vie>v particularly. 

There jre various measures to be adopted to get rid of these obstacles to 
fcuecessful radiography ; 

Aperients constitute the most important item m the preparation, and are 
best taken on the evening before tlie examination. Those recommended are 
many, and on occasion almost any will prove satisfactory. If the patient is in 
the habit of taking an aperient, he should take rather a larger dose of the one to 
which lie is accustomed. Cathartics should be avoided. They are distressing to 
the patient, and offer no advantage over gentler measures. TJiey are also said 
to promote the formation of gas in the colon, but this is very problematic. It 
is difficult to see by what chemical process cathartics could liave this effect. 
Favourite aperients in the preparation of these cases are castor oil, aloin, 
cascara, and phenolphthalein. 

Enemata. — ^An enema is of use when an aperient has failed to have the 
deshed effect. It should not be large, as if the whole colon is filled some of the 
enema may not be returned. The enema given should be a small soap-and- 
water one, to fill the rectum and sigmoid only, and by stimulatidn of the lower 
bowel to promote general colonic evacuation. 

Colonic Lavage. — If aperients and small enemata fail to empty the colon 
satisfactorilj', colonic lavage should be used. The Plombiere method, which 
necessitates repeated visits to the w.c. and reinsertions of the rectal tube, is 
tedious, and a more efficient and less exhausting method is tliat of tJiC Studa 
chair. By this method the colon is continuously irrigated, and the patient 
empties the bowel intermittently past the small metal rectal tube while sitting 
in the chair. 
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Posture is of considerable importance in the jirevention of gaseous disten- 
sion. Patients confined to bed sliow a marked tendency to collect gas in their 
intestines. Some of this may be due to the patient's condition, and so be 
unavoidable, but in a large percentage of cases the tympanites is due to air 
swallowed in the recumbent position. The patient is unable to get rid of 
the swallowed air bj’^ eructation, and that posture also facilitates the passage of 
swallowed air through the pylorus. Small quantities of air are usually swal- 
lowed along uith saliva in between meals, and it is not enough that the patient 
should sit up in bed at mealtimes. 'Whenever it is possible, the patient 
should not be confined to bed during the twenty-four houi-s previous to the 
X-ray examination. 

Taka-diastase — a carbohydrate ferment — is said to prevent digestive gas 
formation. Two to three tablets (gv. 21 ) may be given during each meal on the 
day before. 

Pitressin, given h3'podermicall3' in doses of I c.c. one and a half lioxu’s and 
half an hour before the examination, is often ver3' effective in dispelling colonic 
gas. It should be used xvith caution, and larger doses, e.g. 1 e.c.. are apt to 
cause colic and distress. 

Diet.- — ^This should be as free finm residue as possible. 

Drugs. — ^No drug containing an element of a high atomic v, ’eight should be 
taken for at least two da3’s prior to the examination. The commonest sotirces 
of trouble in this respect are the bismuth and antacid poAX’ders so ffequentl3'‘ 
given in d3^spepsia. 

A satisfactory preparation, then, should cominise an effective aperient on 
the day before, followed by an enema or colonic lavage on the next morning, if 
necessar3^ During the day before the examination the patient should be uji 
and about if the clinical condition permits, and the diet should be one giving 
little residue. 

Often satisfactor3* radiographic results are obtained in the absence 
of all these j)recautionary measures, but the3' should be applied if cir- 
cumstances permit. 

The bladder should nol be emptied before the examination unless it is tin- 
comfortably full. In the investigation of ve.'^icle calculus it ma3- be desirable 
to have the bladder well filled -svith fluid. 

The xneliminary preparation for instrumental pyelogmphy is the same as 
that described above. The additional measures necessary for intravenous 
urography are indicated under that section. 

ROUTINE TECHNIQUE 

The minimum routine technique permissible in an3^ case requiring uriny 
X-ray examination is that of two films, one of the renal and upper uret 
area, and one of the lower ureteric and vesical area. An3* variation o^ 
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technique hIiouIcI be an elaboration thereof, such as stereoscopy, inspiratory and 
expiratory films, and radiograms taken after the use of contrast media. 

The General Renal View should be taken uith the patient supine on the 
Buckj- grid, -with a kilovoltage of not more than 70. If one pictme only is 
taken, it should be exposed ivith the patient's breath held after expiration. 
The tube is centred miduay betueen the umbilicus and the xipliistemuni. 
Compression of the patient’s abdomen wth a wool pad is desirable, as it 
limits involuntary respiratory or other movements and reduces the tliickness 
of the part through udiicli the rays must travel. * 

If the patient is unable to understands hat is meant by holding the breath — 
a not unusual experience — tiie instruction to close the lips and hold the nose is 
invariably successful 

In a radiogram of the renal areas the following structures should be shoun, 
if the picture is to be regarded as of satisfactorj' technical quality. 

(1 ) The OuTUNK or Both Kidneys in their entirety. These are, if any- 
thing, better seen in fat subjects, as the perirenal fat acts as a contrast medium. 
Gas in the colon, and, to a leaser extent, in the small intestine may prevent the 
outline being visible, in spite of satUfactorj’ teclmique. 

(2) The Usual Bonv Structures should be clearly visible, including tlie 
last tuo riba above and the iliac crests below. The delicate structure of tlie 
transverse proce-sses of the lumbar vcrtcbrio supply a good test of tlie quality of 
a radiogram. 

(3) Any Gas in the SrostAcn, small intestine, and colon should be sharp 
in outline. Blurring of tfils usually indicates respiratorj’ movement on the 
part of the patient. 

(4) The Outer Border or the Psoas Muscles 

The Vesical View is taken in a similar mamier, except for the centring point. 
The tube may either be centred perpendicularly over a point midway betueeu 
the anterior superior iliac spines, ormaycentreon that point uithS-lOdegrees of 
caudal angulation. Tlie latter view throws the shadow of the syniph 38 is clear 
of the prostatic area. It is important tliat this view’ should be a true antero- 
posterior one, particular!}’ wlien there is a doubtful shadow in the ureteric line. 
Slight lateral rotation causes considerable distortion, and renders it difficult to 
plot out the normal uieteric line even approximately 

The vesical view should include the ihac crests and the entire true pelvis, 
and should cover an area well below the lowest point of the symphysis pubis. 
A satisfactory radiogram of the vesical area should show a sharp outline to any 
gas in the sigmoid and rectum, and in tlie majonty of cases the bladder outline 
is visible. 

A lateral view’ of tlie renal areas is a feasible and useful adjunct to the antero- 
posterior, especially in the differentiation between renal and biliary calculi. A 
true lateral view' of the pelvis is of no value, because of the superimposition of 
both liip joint regions. .-As a compromise, right and left semilateral views 
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are often helpful. They find their pai'ticTilar u.se in vesical diverticula 
and in urethrography. 

The presence of a doubtful shadow in the above preliminary examina- 
tion AviU at once call for confirmatory examination. These confirmatory 
methods mclude : 

The Lateral View of the renal area. This is of value in determining the 
coronal plane of shadows. Those of renal origin are superimposed on the 
.shadow of the lumbar spine in this view. 

> Stereoscopy of the Pelvic View. — Stereo -radiograms are of great value 
in determining the relative position of pelvic opacities such as ealoulfi phle- 
boliths. or calcified glands. The pelvic basin affords admirable landmark, s 
' against which to localise these shadows. 

Radiograms taken on Expiration and Inspiration. — The object of these 
is to establish the respiratory range of movement of an opatpie bod3’- seen in the 
renal view. As other bodies beside calculi show a similar respiratory travel, 
the test is little used now. Much more reliable methods are now available. 


CHAPTER XXX\niI 
UROGRAPHY 

The TERjt “ urography ” ia applied to the use of contrast media for the radio- 
graphic demonstration of the lumina of the urinary tract and adjacent male 
se-?ual organs. Tlie relationships of adjacent sinuses and fistula may he 
demonstrated either hy normal urographic methods or by injection through 
the fistulous openings. 

Tavo main methods liave to l>e considered — instrumental and intravenous. 

INSTRUMENTAL UROGRAPHY 

The term includes a A'ariety of investigations, depending on the particular 
part examined, as folloAAS : pyelography, ureterogrnpliy, cj’stograpliy, ui'ethro- 
graphy, vesiculography, llwcb the most imiwrtant and most frequently 
used are the first tAA'o, imially included in the term “ pyelography " 

PYELOGRAPHY 

Instrumental, ascending, retrograde, or transvesical are the adjectives 
used to distinguish this from the intravenous method 

The Media. — Kloie is credited with the first attempt at pyelography. He 
need a suspension of bismuth. 

]Vdcher and Ltclitenbng were the first to use the silver jireparations suc- 
cessfully. Tliey employed 2 jier cent, collargol. Following on this, other 
silver compounds uere tried, argyrol and silver iodide. The objections to 
tlie siher media Mere several. A numlier of fatalities and lesser accidents 
occurred from renal necrosis, silver poisoning, and silver embolism. These, 
and a tendency to staimng of toMcls. etc , le<l to their being supplanted by 
thorium nitrate, in 10 per cent, neutral solution This substance is irritant to 
the mucous linings, particularly to the bladder. 

In 1918 the halogen comi>ounds were introduced, first sodium bromide, 
and later sodium iodide. The latter Aias soon generally adopted. The 
points in its fa\our are that in a concentration of IS per cent it is non-toxic, 
adequately radio-opaque, easily steribsable. and low in viscosity and osmotic 
pressure. The more hypertonic solutions of, say, 30 jwr cent , cause iiritatiou 
and CEtlema of the delicate mucosa?. The solution may be sterilised either In 
boiling or by the addition of mercuric iodide to make a 1 in 3,000 solution. 

Lithiiun iodide has been tried and gi\-en up on account of its irritant 
qualities. 
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TJroselectan 33. makes an excellent medium for instrumental pyeIograi)liy 
where the utmost detail is required, as in the diagnosis of a renal neoplasm, or 
the demonstration of tuberculous erosion of a calyx. Admirable results ma}'^ 
be obtained by the use of a 20 per cent, solution, sterilised by the addition of 
mercuric ox;^myanide to a strength of 1 in 100.000. The only objections to the 
use of TJroselectan B. are its cost and its viscosity. Recentlj'- a weak solution, 
one-fifth of the strength of the intravenous preparation, has been prei3ared in 
sterile ampoules, ready for instriunental use. 

Thorium dioxide has also been used recentlj^ as a contrast medium with 
satisfactory residts. “ Thorotrast.” a 25 per cent. suspensio]i of thorium 
dioxide, is a satisfactory preparation. It is su])phed in 12-c.c. ampoules for 
instrumental pyelographj'. and in 100-c.c. containers for c 3 ’'stographic use. It 
is claimed that it is less irritating than the iodine preparations. Its density i.s a 
desirable property, but its riscosity — greater than that of any of the halogen 
preparations — makes it difficult in some cases to inject. 

Another satisfactory medium is a solution of sodium ortho-iodo-hippuric 
acid, now available luider the iiatire “ lodorajj^ ” in JO-c.c. ampoules, each 
containing 3 grammes of the ch-ug. 

TECHNIQUE OF INSTRUMENTAL PYELOGRAPHY 

Anaesthesia. — General an£esthe.sia is contraindicated bj’^ two considerations. 
It is de.sirable that the patient be conscious, as a guard against renal damage by 
overdistension. Pain in the loin gives an immediate warning of this. Again, 
the patient must hold his breath during the exposures if satisfactory radio- 
grams are to be taken. The makeshift of forciblj^ closing the mouth and nose 
of the ansEsthetised iiatient rarel,y sxicceeds in immobilising the kidue,v 
sufficiently. A local urethral (or low spinal) ansesthetic is not reciuired 
in the female, biit is usuallj’- necessaiy for the cy^stoscopy in the male. 
Novocaine, or one of its derivatives, such as kerocaine or percaine, gives 
satisfactorj’^ ansesthesia. 

The Injection of the Medium. — ^The solution chosen is injected at bodj* 
temperature. The amount to be injected may be determined bj^ the 
following considerations : 

(a) The Capacixv of the Rexae Pelvis, which is stated to range, in the 
normal, between 6 and 14 c.c. This is far from accurate ; it may be much 
more — two or three times as much. The figure given above expresses the 
quantity wliieh may be injected sloAvly in the conscious patient Arithout 
inducing pain in the loin. 

(b) This Paix affords a valuable index of the amount which may safely be 
injected, but in hydronephrotic cases the pain is not reliable, and if such " i 
condition is su.spectecl, a preliminary estimation of the renal capacitj'- may ^ 
attempted. With the catheter in situ in the renal pelvis, the conteiits of ; 
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latter are aspirated. The renal xielvis « then filled with saline, gravity pres- 
snxe being used, and the saline then withdrami and measured. 

Preliminary emptying of the renal pelvis is desirable from a radiographic 
.standpoint It prevents dilution of the contrast medium and adds sharpness 
to the pyelograpliic contour. It may, however, increase the irritation of the 
injection. The attempt at aspiration also demonstrates whether tJie end of 
tlie catheter is impacted into a pyramid. 

The ideal method of injection is with the cystoscope still in situ. The renal 
pelvis is filled. The catheter is then withdrawn to the low'cr end of the ureter 
and the latter filled by a further injection of a few cubic centimetres The 
X-ray exposures are then made. As the contrast medium frequently leaks past 
the catheter into the bladder, it may be necessary to keep up gentle pressure on 
the sjTinge during the exposure, to ensure proper visualisation of the ureters. 

The X-ray investigations being completed, the ureteric catlieters are reintro- 
duced an adequate distance into the ureters, the cystoscope removed, and the 
urine collected for pathological examination. If inspection of the first pyelo- 
gram indicates that more are necessary, the retention of the catheters enables a 
fiuther injection to bo made for this purpose. 

If the examination lias been prolonged, it is probable that the bladder is 
full of a relatively opaque mixture of urine and contrast medium. This may 
obscure the lower end of the ureter, and if a late ureteric radiogram of this 
portion is required, the bladder should first be emptied. 

INTRAVENOUS UROGRAPHY 

This method, consisting of intravenous injection of a contrast medium of 
such nature that it is excreted m the urine m sufficient amount to east a 
shadow of the renal pelves, ureters, and bladder, was first introduced as a 
practical routine method bj’ von LichUnbeig. 

At first hailed as almost a complete eupplanter of tJie instrumental method, 
it now occupies a less exclusive though still valuable position in the examina- 
tion of the urinary tract. As a method it has both advantages and disad- 
vantages ; tliese may be relative, or in some cases absolute. 

Indications for the Use of the Method. — There are certain ab^oluie indkalicnis, 
in cases where the instrumental method is impossible, impracticable, or 
dangerous. Sucli cases include urethral stricture, cy’stitis, vesical lijcniorrhage, 
colonic transplantation of the ureters, and those in which for any reason 
cystoscopy is refused. • In tiiis group intravenous urography forms a welcome 
alternative. It is particularlj' valuable m children. 

Apart from absolute indications, the method offers certain relative advan- 
tages, sucIi as w here it is desired to demonstrate the ureters imdistorted by the 
presence of a ureteric catlieter, or, per contra, the tortuous ureter unstraightened 
bj- the catheter. Again, the method affords some indication of renal function. 
In tliis respect its precise value has still to be assessed ; the blood urea is, so 
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far, a surer guide. In advanced renal failure the method gives no qualitative 
indication, as no visible excretion occurs at all. Other advantage.? of the method 
are its relative painlessness, greater ease of apjdication, and that it is available 
in those cases where double lu’eteric catheterisation is considered inadvisable. 

Contraindications. — ^The following are generally accepted as positive con- 
iraindications to the method : severe renal and hepatic hisu&cieney, acute 
inflammations of the kidne 3 q advanced cardiac disease, thyrotoxicosis, and 
severe anaemia. If used in the presence of these conditions, a preliminary 
estimation of the blood urea is desirable, as the possibility of precipitating an 
uraemic crisis b}^ the injection is very likel 3 ^ (This observation does not, of 
course. appl 3 ’- to the cases where 07ie kidne 3 ’ is destro 3 ’^ed and the other health 3 ^ ; 
but here the in-vdsibility of the diseased organ vitiates the usefulness of the 
method.) Pregnanc 3 ’^ does not constitute a contraindication, except when 
complicated b 3 ’^ one of the preceding. 

There are several disadvaiiiages associated with the method. The most 
serious of these is the iroor contrast compared vith an instrumental p 3 ’^elo- 
gram. In cases wliere the accurate demonstration of a small pelvic or cal 5 *cal 
lesion is necessary, inti’avenous p 3 -elograph 3 ’- may be valueless. In addition 
to the shadow' frequentl 3 ' being faint, the filling of the cal 3 'cal and pelvic lumina 
is often incomplete. Again, in many gross renal lesions no shadow at all ap- 
]oears, wdiile demonstration of the m-eters in their entiret 3 ' is often not achieved. 
The best shadows are obtained in cases of urinar 3 ’- obstruction without gi'oss 
impairment of functions. 

The Medium. — Intravenous xyelogi-aphy w'as fii’st attempted b 3 i' JRoio^itree, 
using sodium iodide. The concentration in the urine j^roved far too low' to give 
practical results. Later Binz and von Liclitenberg investigated a series of 
iodine-pyridin compounds, including Selectan. Skiodan, and Noiopax. Suc- 
cess w^as first achieved with Uroselectan. Abrodil, and Per-Abrodil. 

Pinalty. Uroselectan B. was introduced, and this and Per-Abrodil are now* 
Uised almost universally. 

Uroselectan B., a product of the German fii-m of Schermg-Ilahlbaum, was 
introduced in 1930 as an imiu'ovement on their origmal Uroselectan product. 
The advantages it possesses over the former are lessened toxicity, smaller bulk, 
and greater radiographic contrast. 

Chemistky. — ^The makers give the formula,^ of Uroselectan B. as the 
disodium salt of 3-5-diiodo-4-pyridox3d-]Nf-meth3’l-2-6-dicarbox3dic acid. Its 
molecular weight is 493, and it contains about 51 per cent, of iodine. 

The standard dose is 15 grammes dissolved in 10 per cent, glucose solution 
to a total bulk of 20 c.Ci It is sold in sterile ampoules, read}'- for intravenfiu* ■ 
injection. 

The di'ug can be demonstrated in the urine by adding one part of c< 
trated HCI to four of urine. Cr 3 'stals of dicarboxjdic acid are preoip 
w'ith liberation of CO 2 . The crystals have a melting-point of 174'^ C.^ ' 
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pjrARMACOLOOY . — GanlufT and Heatheote liave made a detailed study of 
this, and investigated its effect in rabbits and dogs. 

The recommended intravenous dose in Jiuman beings is 0-25 gramme per 
kilogramme body veight. This, when injected, gives a concentration of 0-3 
per cent, m the blood. 

Tliey found that the isolated heart and intestines of the rabbit are unaffected 
^^hen perfused by a solution of the above concentration. 

In ancesthetised dogs, injections of the drug up to 1-25 grammes per 
kilogramme produced only mild changes in the blood-pressure — a slight drop, 
followed by a prompt return to normal. The respiratory rate and depth were 
increased bj' these doses. Larger doses had an increasingly depressant 
effect, but the drug is relatively non-to.vic to dogs, which, it was found, could 
sur%nve an intravenous dose of 5 grammes per kilogramme of body weight. 

Repeated mtraperitoneal injection of 1-25 grammes per kilogramme was 
found to produce fatty degeneration of the liver and cloudy swelling of 
the kidney. 

In their expeiimental urography in dogs. Oardner and Heatheote found that 
the Uroselectan B. shadow was about the same density as that obtained with 
Abrodil, but that it aiipeared much sooner This latter observation is in 
accord with clinical experience m man : the shadow is, however, generally 
held to be denser than that given by the earlier drugs. 

Excretion. — ^Uroselectan B is c.vcreted unchanged in the urine. Accord- 
ing to i-on Lichtenberg 30 per cent, of the drug is e.vcreted during the first 
hour, in the second 12 per cent , and m the nest six 21 per cent. A diuresis 
is produced during the first fifteen minutes This rapidly dies down, so that 
the maximum concentration ofthe drug in the urme occurs during the second 
jienod of fifteen minutes. The maximum radiographic contrast is obtained 
during the period ten to thirty minutes after the injection. 

Von Lichienberg gives the maximum concentration found in the urine m 
man as 7 per cent., and in the average case 4-6 per cent, represents the peak 
concentration 

Gardner and Heatheote found that the excretion of Uroselectan B. i-^ 
gieatl3’’ reduced and retarded in uranium nephritis. Tins, likewise, agiees 
with clinical evidence. 

Per-Abrodil. — Another drug whicli gives satisfactory results is tliat pio- 
duced by’ the firm of Bayer under the name of Per-Abrodil. The formula of 
this is given as 3 : 5*diiodo-4-pyridone-N'acetate of diethanolamine. It i'» 
stated to contain 51 per cent, by weight of iodine. It is supplied in sterile 
solution in 20-c.c. ampoules containing 7 grammes of the drug, ready for 
intravenous injection. The dose for an adult is 2f) c.c , for children 8-10 c.c., 
and for infants 2-3 c.c. 

Tlie rate of excretion and radiographic properties are very similar to tho'C 
of Uroselectan B. Thus, in the normal subject, the optimum shadow is 
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obtained eight to twent}^ minutes afBr injection. The makers give as contra- 
indications to the use of the drug severe renal uniiaument and severe systemic 
disease. 'Renal tuberculosis ^d pregnancj’^ do not preclude its use. 

Sodium Ortho-iodo-hippurate. — In 1933 3Ioses Schwick introduced this drug 
for intravenous mographf (and also for oral urography). It is a derivative 
of a salt normally found in the urme, and, as was anticipated by ScJmich, has 
proved to be non-toxic, highty soluble, neutral in solution, and to be rapidly 
excreted by the Iddneys. Its iodine content is 38’S per cent., considerabl}" 
lower than that of Uroselectan B. or Per-Abrodil. 

Sclmick recommends a dose for adults of 10-15 grammes dissolved m 
20-30 c.c. distilled water, klaxnnum concentration in the urine occurs at 
ten to twenty minutes after mjection — rather more slowlj- than the other tvn 
drugs mentioned. Cliildren tolerate the di’ug web. 

The drug has been prepared in convenient form in this country bj’ IMartin- 
dale, under the j)roprietary name of “ lodoray.” 

TECHNIQUE FOR INTRAVENOUS UROGRAPHY 

Preliminary Preparation of the Patient. — ^The patient should undergo the 
routuie lirepai'ation described above for any renal examination, and in addition 
should have his fluid intake restricted for at least twelve horns. The object of 
this last is to make the urine as concentrated as possible at tlie time of the 
examination, and so increase the density of the shadows obtained. Th6 jiro- 
duction of diuresis prior to the examination by the exliibition of urea has been 
recommended, but if tliis be used the urea must be given not less than six hom-s 
prior to the injection, as the diuresis produced thereby may last for that time. 

The injection should be made slowly into a suitable vem such as the 
median basilic or median cephalic. It is important that tJie injection be slow. 
As long as two to three minutes may noth advantage be occupied by the 
injection, mth the object of avoiding systemic reaction. Although of course 
midesirable, no such disastrous results follow leakage of the injection into the 
subcutaneous tissue, as is the case with tetraiodophenolphthalein m intra- 
venous cholecystography. Paravenous extravasation of Uroselectan B. is 
followed by pain and some local swelling for a few days. With Per-Abrodil 
there is no reaction at all, and according to this drug may be given 

subcutaneously in children if a suitable vein cannot be found. 

The fluid should be warmed to blood heat before administration. 

Immediate Sequelae. — The patient frequently experiences transitory 
symptoms during and immediately after the injection, such as flusliing of the 
face, elevation of the pulse-rate, general feeling of w^armth, pain or disci 
in the arm and shoulder on the side of the injection, thirst and dryne.ss' 
the throat, and occasional!}'' giddiness, faintness, and singmg m the 
These, as a rule, rapidly pass off, unaided, or Avith the help of a small 
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sal volatile Tlic pain radiating up tlie aim and shoulder is said to be due to 
venospasm induced by the daig. 

Radiographic Technique. — Several points should be borne in mind in con- 
sidering tJic radiographic teelmique. Tlie available contrast is not great ; con- 
sequently tlie teelmique must be directed to making the most of it, sucli as it is, 
by use of the Bucky grid and a low kilovollage. S])eed of exposure must not 
be sacrificed too much in achieving this. 

As the method is a teat of function as well as of morphologj', a sciies of 
radiograms should be taken to demonstrate tlie various phases of secretion, and 
as the secretion of the drug rises to a peak during the first fifteen or tventy 
minutes, several of tins series should be taken during that interval. A useful 
routine scries is that taken at the follow ing times after the injection : 3, 7, IS, 
20. 30, 00 minutes. Strict adherence to times is not iiecessary. 

In certain cases of impaired remal efficiency, notably hydronejihrosis, secre- 
tion IS considerably delayed, and it maj* be necessary to wait as long as six 
hours to obtain the maximum contrast. Any mriation in tlic routine will be 
indicated by the appearance In the first two or tJiree radiograms. 

If it IS particularly desired to study the morphology of the renal pehes, an 
attempt may be made to dam back the drug-Inden urine in them by pressure in 
the hy[)ogastruim. TJie pressure must be maintained for at least five minutes 
prior to the exiiosure. Tliis can only rarely be successful, because of the severe 
pressure necessary to occlude the ureters. 

As the meters are (Ienionstrate<l by this method, tlie radiograms sliould 
include them m their entire lengtii. This applies to the radiograms taken at 
each stage, since onl}' a portion of the ureter may Ixi visible at a time. 

In tJie later stages the bladder may obscure the lower ends of the ureter, and 
if these have not abeady been visualiicd, it is wise as a routine to take a final 
picture after emptying the bladder, to umnnsk the ends of the ureter and to 
determuie the amount of residual urine in cases of enlarged prostate. 

Often the ureteric sliadow's can be made out tJirough the vesical, if the 
latter is not too dense. 

Finally, tlie method usually affords a satisfactory cy.stogram. 


THE NORMAL APPEARANCES IN INTRAVENOUS UROGRAPHY 

After the injection of Uroselectau B the fin^t sign in a radiogram of its 
excretion is the appearance of faint triangular outlines of the minor calyces. 
This may occm even before the injection is completed. Very sliortly after 
the appearance of these, the renal pelvis becomes outlined, aud then the con- 
necting necks between pelvis and calyces. Gradually the pyelogram, in a 
successful case, fills out and its contours become defined, and at the same time 
the ureters become visible in parts. The portion of tlie ureter visible in any 
particular radiogram depends on the precise position of the peristaltic rvave- 
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driving the urine down into the bladder. The ureter is not normaity filled 
along its wiiole length bj'' intravenous urography ; such a state of affairs, if 
found, should raise the suspicion of ureterospasm or ureteral obstruction. The 
upper portions of the ureters are more commonly seen than the lower. TJie 
mechanism of transmission of urine from Iddnej^ to bladder is described in . 
detail later, but a study of serial Uroselectan B. I'adiograms shows it to consist 
in a gradual preliminary filling of the renal pelvis. When this becomes suffi- 
ciently distended, peristalsis is set up, partially emptying the renal pelvis, fiU- 
iug, and then more or less completel}’^ emptymg the upper meter. This upper 
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Fig. 329. — Xormal Uroseleclun B. pyelograms, 10 minutes after injection. 

liortion of the ureter corresiionds to the upper ureteric spindle. The , urine 
impelled dovoi from this may remain for a short period in that dilatation di 
the ureter extending from tlie brim of tlie bony iielvis to the bladder. Tliig 
is the so-called “ middle ” siiindle. A third spindle is described as occurring 
in the last inch of the . free ureter, and can occasionally be made out in ,a 
Uroselectan B. radiogram. This la.st inch may be obscured by the bladder 
containing opaque urine. , ■ , - ’ ' 

The densitj'^ of the vesical shadow will depend not onlj’ on the concentratioh 
of the urine therein, but also, on the degree of dilution thereof ..by mine p 
viously contained in the viscus...The bladder should therefore bpemptil* 
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prior to tlie injection if a ci’stogram be desired. As tlie bladder fills, it will be 
seen first in the form of an inverte’dpjTamid, the upward-facing base tending to 
be concave. With increasing distension the superior surface becomes flat, 
then convex, and finally the bladder assumes a spherical or ovoid shape. The 
appearances are then identical with those of an instrumental cjstogram, save 
that the density of the contrast inedinm is less. Frequently the vesical shadow 
is seen to be asjnnmetrical, particularly in the earlier stages of filling, an 
appearance which has as a rule no significance. 

If transvesical urography is not }> 0 Rsible because of a local condition, and it 
is impracticable to administer a contrast medium intravenous!}’, e.g in very 
3 ’oung children, it is possible to give the contrast dnig by two other routes, 
subcutaneously or by the mouth. 

SUBCUTANEOUS UROGRAPHY 

Tina was first attempted by Butzetttjeiger in 1931, who injected 600 c.c. of a 
4 per cent, isotonic solution of Skiodan, containing 20 grammes of the drug, 
into the axillse. He reported tliwty cases giving results almost as satisfactory 
as those obtained by the intravenous method No harmful effects resulted. 
The ina.'simum excretion occurred thirty to fifty minutes after injection. The 
objection is the size of the subcutaneous injection. In 1932 Hillebrand 
successfully used the metliod in a child, giving 100 c.c. of a similar solution. 

An improvement oi\ the method is that reported by Bner and Tlieodore, who 
used Neoskiodan in 7 per cent, isotonic solution. They recommend the 
injection of 60 c.c into each axilla, gi\'ing a total dose of 7 grammes. Because 
of the low toxicity of the drug, the full dose may be given to infants. Local 
anesthesia is advisable in older subjects, to allay the slight discomfort which 
follows the injection. The maximum concentration m the renal pelves occurs 
fifty to sixty minutes after administration. 

ORAL UROGRAPHY 

The new contrast medium, sodium orthoiodo-hippurate, introduced by 
Sdivnck and JacTies, is suitable also for oral urography. These w'orkers recom- 
mend a dose of 10-16 grammes dissolved m 73 c c. of a sjTup and lactopeptone 
mixture. They liave foiuid no unfavourable reactions to the drug. The 
maximum concentration of the drug in the urine occurs sixty to 120 minutes 
after motion. The density of the utographic shadow la considerably fei>s 
than in intravenous urography, and is much less certain in its effect. A 
satisfactory cystogram is obtained m all cases, since the lessened density is 
balanced by the greater bulk in the bladder. A disadvantage of tlie method is 
the taste of the drug, which to some is unpleasant. 

These authors recommend, in addition to the preparation usual for intra- 
venous urography, the withholding of drugs such as potassium citrate and acid 
sodium phosphate for twenty-four hours prior to the examination. 
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CYSTOGRAPHY 

The bladder iiia}'' be filled thi’ough either a cystoscope or a catheter. The 
latter, being nnich the simpler process, is to be preferred, smce its, efficiency is 
little less than the other method. In cases where cystoscoxjy is a necessary 
diagnostic step, the cystographj'' should be carried out at the same sittmg. 

The bladder should first be complete^ emptied, and then filled wth an 
8-10 per cent, solution of sodium iodide. It should be rim in by graffity under 
a pressure of 6-12 inches of irater. Too dense a solution is not desirable. If 
the medium be very opaque, half shadows of filhng-defects and diverticula may 
be blotted out by the mam vesical shadoAv. Avhen a more transparent medium 
Arould allow them to be Au.sible through the vesical opaeit 3 \ Too j^oor a con- 
trast is. on the other hand, to be aimided. lest a marginal irregularity be not 
clearly defined. 

Antero-posterior and right and left oblique radiograms .should be taken, in 
order to Aden' as much of the bladder aa all in profile as possible. These radio- 
grams should be taken AAoth the catheter or cystoscope in situ, not only 
because further radiograms may be necessary and a further injection required, 
but also because the instrument accuratel}^ marks in a radiogram the neck of 
the bladder. 

Air has been used as a medium for c 3 '^stography. For an air e 3 'stogram to 
be successful the bladder must haA’-e been completel 3 ’ emptied, and the rectum 
and sigmoid must be quite clear from fajces and gas, particularh' the latter. 
GiA^en these conditions, an air c 3 'stogram gives an excellent outline, but be- 
cause of the difficult 3 ' of completely emptying the colon of gas. and more 
particularl 3 ^ the danger of air embolus, otlier contrast media are to be 
])referred. 

Uroselectan B. is an admirable medium, if .suitably diluted. It finds its 
chief ifiace. hoAieA’cr, in intrai'enous cystograph 3 ^. 

Lipiodol Cystography. — A method has been described in AAdiich saline and 
Iqfiodol are introduced into the bladder. With the patient in a high Tren- 
delenberg position the lixnodol floats against the now upjiennost base of the 
bladder. The object of the method is to demonstrate basal filling-defects. 
The difficulties of maintaining the position and obtaining radiograms free 
from gross distortions preclude its general use. 

VESICULOGRAPHY 

This may be defined as the Ausualisaiion of the lumen of the seminal A’-esicle.l’ 
A-as deferens, and ejaculatory duct by^ the injection of a contrast medium. Th 
objects of the procedure are to demopstrate the patencA'^ of those ducts and a. 
distension or destruction of the seminal vesicle. Lipiodol is the medium mt 
commonly^ employed. The disadvantage is its viscosity. This renders 
injection along the fine ducts a matter of considerable difficult 3 ^ Uroselec^ 
x-E. I — 32 
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B. is a niediiiin free from that objection It gives radiograms of adequate con- 
trast, and clinically it is without harmful effects. 

Technique. — The only satisfactory method of injection is direct!}' into tlie 
vas deferens, exposed by a small inguinal incision under local analgesia.* 
Urethroscopic catlieterisation of the ejaculatory ducts, even in the hands of the 
e.xpert, is very rarely feasible in the normal subject, and less so in disease In 
cases particular!}’ calling for its employment, it is rendered especial!} difficult 
by the pathological condition present (e.g verumontanitis). In addition, 
injection is then dangerous on account of the risk of inducing epididymitis. 
Finally, urethroscopic catheterisation, even when successful, serves only to 
outline the ejaculatory ducts and the seminal vesicles. It is not possible to 
fill the vas deferens by this niethod To effect this, direct injection into the 
vaa deferens must he made, in both directions ; upwards to fill the vesicles, 
and downnards to the epididjmis, where the patency of the tubules may thus 
be investigated. 


EXTRAVASATIONS 

Tlie radiographic demonstration of urinary c.vtravasations such as may 
occur in rupture of the urethra, bladder, or kidney, has been advocated. TJie 
principle and technique are obvious ; the opportunities rarely arise, and still 
less do the indications theiefor. 

The most satisfactory medium would be Uroseleetan B. 

ARTIFICIAL PERIRENAL EMPHYSEMA 

This method was devised by CateHi and Sordilli, and Rosenstciii, jn 1921. 
It consists of the introduction of gas — o.vygen or carbon dioxide — Auth the 
object of bringing the renal and adrenal outlines into sharper relief in a 
radiogram. As it is now possible to ghoA> the entire renal outlines in a plain 
radiogram in the vast majority of cases, the method, one not without risk, 
has fallen into disuse. It miglit, however, be of use in demonstrating the 
contours of the adrenals — e.g in cases of adrenal virilism. It is therefore 
described here. 

Quinbtj has given the follow ing account of the technique . 

O.xygen is collected in a sterile litre flask connected by rubber tubing 
both w'ith another flask twice this size, coiitaiiiing sterile watei, and with an 
ordinary lumbar puncture needle marked in centimetres. With the patient 
lying on the side, after local anaesthesia, the needle is introduced into the loin, 

‘The vas deferens is flfinly held Bubcutaneously by tlie left index finger and tliuinb, the _ 
novocaine injection and tlie small inciauut being in^e without relaxuig this grip — the vas is 
tlien hooVed out and kept out of the nuMSKm ly a thread or ligature This is much easier and 
more devoid of complication than dtasection of the epermatic cord The tissues down to the v as 
are separated after the incision opming the blades of a forceps Tlie right hand uses m turn 
— anieathetio sj rmge, scalpel, forceps, aneurj am needle, fine tenotome to make small lonffitudinal 
in-ision in v as, sj rmge for injecting. , 
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pointing uinvard and inward toward the lower pole of the Iddney . The distance 
to Avhich tlie needle must ])enetrate varies gj’eatly in different indiUduals. the 
extremes being from 4 to 10 cm. The tip should go just outside the erector 
spinas grouj) of muscles, traversing the intrinsic muscles of the abdominal wall 
very near their origin. In order that the injection may be successful the 
needle tip must alv’ays pass tlirough the fascia renalis into the true perirenal 
fat. If it remains outside this fascia in the retroi^eritoneal fat layer the kidney 
will not be outlined. Furthermore the needle tip must not penetrate the kidney 
itself. It is in regard to this precise position which must be obtained that 
most of tlie negative results haA’^e been due, because the amount of perirenal 
fat tissue varies greatly in different individuals and in different conditions of 
the kidney. 

“ The needle being placed in position, the large)' of the two flasks is inverted 
and elevated, and thus the Avater floAving into the oxygen-filled flask displaces 
the gas outAvard through the needle. When the needle is propeil3^ placed the 
infloAv of gas is obtained A\dth onl3' moderate pressure. If the flask cojitaining 
Avater has to be elcA'ated more than a cou2)Ie of feet above the level of the gas 
containing flask the needle is not j)roperl3^ placed and ‘should be immediately 
readjusted. Injection is stopped after about 500 c.c. of 0X3’gen haA'e been 
displaced. b3'’ Avater. 

“ If ox3’^gen is the gas Avhich is used, the best results are obtained b3’' 
making the rontgen-ra}’ exposure about tweh’-e or fourteen hours after the 
injection of the ]iidne3'^ l)elvis. This is due to the fact tl)at ox3"gen is absorbed 
from these tissues with relatiA^e sIoAA'ness. and b3’ Avaiting this length of time the 
gas is given op2)ortunit3' to diffuse even]3' tJiroughout the j^erfrenal area. We 
fr’equentl3' found that in those rontgen-ray films made imraediatel3’' after 
injection the gas Avas so densel}^ located about the region of the lOAver pole of 
the organ that the kidne5^ shadoAV here AA'as either' jnuch deformed or even 
quite invisible. This conditimi may not occur if carbon dioxide is used 
because of its gi-eater diffusibilit3' and quicker absorption, but I have not cared 
to use this gas in such quantities as are here necessar3% thinldng that it might 
be more dangerous.” 

The risk of the method Avould appear to be that of penetration of the gut or 
large blood-vessels (in competent hands this should be nil), and the chief 
difficulty to estiniate the distance to Avhich the needle must 25enetrate to 
leach the perirenal 23laiie. It is noteAA^orthy that the last publication of 
importance on this subject AA^asdhat of Qiiinby in 1923. 
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THE KIOXEYS 

NORMAL X-RAY APPEARANCES 

In ^o oigan of the body is there sxich great variation within tiic coinjiass of the 
normal as m the case of tJie kidney. The utmost care must tliei-cfore be exer- 
cised in deciding sihether a given variation falls within normal limits or is 
pathological. Sucli variations occur in connection with 

(1) The outline of the kidney 

(2) The site. 

(3) The position and mobility. 

(4) The form of the cal>ce8 

(5) The form of the renal pelvis 

(6) Tlie origin of the ureter. 

The Outline of the Kidney Is visible m a radiogram because of the relative 
translucency of the perirenal fat The latter forms a contrast inedium, and 
tlie outline is often particularly well «een in olicse subjects. The renal outline 
sliould always be clearly risible, and a radiogram which does not show* it should 
be regarded as lieing below the necessary diagnostic quality. The normal 
shape or outline approaches to the conventional reniform shape, but not ac- 
curately Tlie upper pole Is often rather |K»uited compaied with the lower, 
and the breadth of the renal shadow is often lessened by tlie foresJiortened 
^ iew resulting fiom tlie obliquity of the renal plane to the coronal plane of the 
lK)dy. The outer border sliould be regularly convex, sweeping without any 
irregularity into the poles and on mto the inner border. The outlines dis- 
appear as tlie liilum is approached. Irregularities in or dLsappearance of the 
outline may have a diagnostic value m the following conditions ; tumour or 
cyst, horseshoe deformity, polycystic disease. 

The Size of the Kidney should be noted. TJiere is often a moderate differ- 
ence in size of the kidneys in the normal subject. A considerable enlargement 
may result from compensatory hypeitropby if the other be destroyed. Again, 
coiisiderable enlargement may be the result of tumour or cyst formation, or 
hydronephrosis. Gro.ss enlargement may be due to polycystic disease (in w liicli 
case it is bilateral) or hydronephrosis. In children, sarcoma is a likely cause. 

The Position and Mobility of the Kidney, as stated in anatomical textbooks, 
is one in which the pelvis is opposite tlie transverse process of the first lumbar 
vertebra on the right side, and on the left a little higher. In the light of radio- 
graphic demonstration this position is shown to be too high. An average level 
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for tlie light kidney is 'with its hilum opposite tlie second lumbar vertebra, and 
the left kidnej’^ 1 to 1 inch higher. Tlie radiographic iiosition viU vary accord- 
ing to ivhetber the exposure is made in fall expiration or inspiration. If the 
Iddnej'’ shadow be much below this level, the conditions of ectoiiia and ptosis 
call for consideration. The long axes of the kidneys are obliquely disposed to 
each other, the upper poles being a trifle nearer together than the lower. 

The Pelvis and Calyces. — It is here that the kidney shows its greatest varia- 
tions. In this respect tlie organ is veritably protean. The multiiilicity of 
appearances that may be seen in the normal py’^elogram constitutes a serious 
difficulty in the diagnosis of pathological lesions, a difficulty rendered more 
acute by the fact that the two kidneys in any one subject may show wide 
individual variations. 

- There are recognised in the renal pelvis tv o extreme tjqies, vith all degrees of 
transitional forms. In one there is a well-formed renal basin, and in the other the 
ureter divides without expansion into minor calyces. In the great majority of 
cases, however, an ampulla or pelvis is present (Eigs. 330, 331, and 332). 

The Classical Rexal Pelvis is trumpet-shaped, the trumjset having an 
outward bend. It merges below with the ureter, no pomt of demarcation 
being evident. The outer margin of the ureter and the lower margin of the' 
renal peWs form a gentle regular concavity, without any angulation. Simi- 
larly the iimer ureteric margin and upj)er pelvic margin form a regular con- 
vexity. These apjiearances are iiresent only if the organ is viewed in profile. 
Above, in the’classical type, the pehds dhides into three primary or major - 
calyces — cephalic, middle, and caudal. The tvo latter are frequently close 
together and may form one major calyx. Each of these finally subdivides into 
an anterior and posterior row of minor calyces. The number of minor calyces 
is very variable. On an average there are four springhig from the cephalic 
primary calyx, and six from the middle and caudal. The major calyces are 
merely chaimels. The minor calyces consist of a neck and an exjpanded 
extremity, cupped by the projection of the renal pyramid into its lumen. It is 
obvious that the outline of the minor calyces in a pyelogram will depend on 
whether it is seen in jirofile, e?? fuce, or intennediatelj'-. As “ clubbing ’’ of the 
calyces is an important sign of hj’^dronephrosis, it is important not to jnistake 
the rounded shadow of a caljTc seen end on for a clubbed one. 

BiEin Pelahs. Doitble Ureter. — ^T he diAusion of the renal pelvis into tAvo 
primary calyces may be exaggerated, up to a conpflete division of the forme 
doAm to the ureteric insertion. The appearance is then loiown as a bifid pehnE 
The diAusion may extend down the meter, and produce a partial or complet 
double meter. 

Ix A Tinan Tatte the renal jrelvis fails to divide into primary calyces. It~ 
then larger, and the minor calyces bud off its outer border. 

The Sittjatiox oe the Rexal Pelahs relative to the kidney sab.5tanc4^1 
be determined Avhen the renal outline is vdsible in a pyelogram. .Again 
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sideialile variation may occnr between extremes in wliiclv ti\c jielvis is entirely 
extrareiial and entirely intrarenal. 

In cases in wliich the hidnej' lies obliquely against tlie spinal column and 
so presents a three-quarter view in the standard antero-postcrior radiogram, tlic 



pyelographic appearance is considerably altered The ureteric sliadow ends 
almiptly and eccentrically in an oval blob — the renal j)elvis. from the outer 
border of vhich spring the calyces. Some of the latter are seen end on and 
appear as rounded shadows, iwrhaps with a translucent centre, where the pyra- 
midal apex projects mto them. Othera may be hidden by the pelvic shadow 
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The Ducts of Bellim.-When the injection of the opaque medium into the 
1 1 r been viaorous-frequently indeed when no midue force has 
uid the injection— a certain amount may pass into these ducts, anc 
as 1 — ; feattay spaay from the centre of each mmor caly.. 



_Xormnl nscbnding pyclograJif. 



Fig. •— Xornml fi^ccncling pyelogrnni 

showing, tho “ siinw-pliimo ” cfioct when iiift. 
medium (Uroselcctnn B. in this eaco) passes into 
tiio collect ins thicts of Bellini, Some of the 
medium appears also to have c-caped into the 
arcuate veins. 


This happens more readily 
instrumental jjyelography. 


when Uroselectan B. is used as a medium for 
It has no pathological significaTtce (f ig> 333). ■ 


PELVIC RESORPTION 

Tn -e certain number of cin.es of pyelogr-aphy, When the renal pelves 
been ntirmied or tlistendcrt, the opaque raed.um escapes, from the.; 
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There appear to be tuo routes by which it does this, via tlie Ij'mphatics ami 
into the renal veins, the latter being teniied by Hinmnn and Lee lirowii 
‘ pyelovenous backflow.” 

The Renal Lymphatics. — When the drug is absorbed by tiie lymphatics they 
become visible as irregular lines riung from the region of the hilum inwards to 
the renal glands and upwards and inwanls 
to the coeliac group. The imters have not 
observed this plienomenon with sothuni 
iodide injections in normal subjects. 

Abeshouse holds the view that lymphatic 
backflow occiire as the result of easy pene- 
tration of the injected fluid into abnormally 
patent renal lymphatics, either congenital 
or acquired The acquired type is said to 
occur from obstruction of the thoracic duct, 
inth resulting dilatation, tortuosity and 
finally rupture of the renal lymphatics. It 
IS associated with chyluna. The congenital 
tyi>e is postulated by Abeshousi to cover 
those cases m which chylnria was not 
present, but proof of the OMstence of these 
congenital patent lymphatics is not yet 
available. IJighnm, who lias recently re- 
viewed the subject, is of opinion that in oil 
cases in which lymphatics are visible in a 
radiogram, the medium has been absorbed 
from the penvascular lymphatic spaces. A 
full bibliography is given in liis paper. 

Pyelovenous Backflow. — There seemsto 
be no doubt that in some cases the injected 
medium can escape into tlie renal vems. 
The radiographic picture is one of a faint 
hazy streaky shadow surrounding the major 
calyces and the necks of the minor. The 
appearance is as though tliick cobwebs bad 
acvmmnlatwi artnand a pyelograpbic cast, 
obscuring to some extent the mtercalycal space (Fig. 334). Hinvian 
and Lee Brcncn, who liave investigated this matter fully, note that in making 
celloidm-corrosion preparations of the kidney some of the v'enous system wa-^ 
also filled, and remained in the resulting celloidin cast. 13y intrapelvic injec- 
tions of dyes, air, and opaque media, in both post-mortem specimens and living 
animals, these authors came to the conclusion tliat tlie essential factor in this, 
backflow’ is a minute trauma, from firessure, of the delicate peh’ic mucosa at 



Fio 334 — The so culled p,^eIo\enons 
backflow, with lymphatic resorption in 
addition 
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tJie fornix cahjcis. SiiiTOuiiding each fornix is a tiiiii-walled venous jdIbxus, 
into v'hieli the interlobar veins of the Iddney drain, and the tissue separating 
the calycal and venous luinina is at tliis xjoint very thin, delicate, and easily 
ruptured. In post-mortem injections the meditmi readilj' escapes into the 
interlobar, arcuate, and interlobular veins, but in the Ihdng subject the normal 
venous blood-stream prevents this retrograde flow, and the drug is seen moving 
towards the renal veins. According to IlcJIjnne, some of the drug probabty 
escapes also into tlie sinus renalis and lies in the fat of tlie hilum. 

The practical applications of the above phenomena are two — strictly to 
avoid midue pressm’e during the p3'elogi‘ap}iic injections, and to use onlj'' 31011- 
toxic reagents. In this respect air must be regarded as in the dangerous class, 
since air embolus might result. This is possiblj’^ the explanation of sudden 
death folloiving on air-distension of the bladder prior to cystostomj''. 

THE NEUROMUSCULAR APPARATUS OF THE KIDNEY AND URETER 

The catyces and pelves of the kidney and tlie ureter together constitute a 
hollow muscular ^^scus exhibiting rhj'thmie sj^stole and diastole, and subject 
to double autonomic iimervation. The motor nerve supplj'^ comes from the vagi 
and reaches the kidne}'’ and ureter lia the renal periarterial plexus. The in- 
hibitory supplj’- comes from the syrajiathetic, and is said to be derived from the 
eleventh and twelfth dorsal and first and second lumbar roots. 

The muscular sj'stem of the kidnej'^ is complicated. The renal pelves and 
ureter have three muscular la3’^ers, according to Jojta. At certain points the 
circular- fibres are condensed into ruig muscles, the ring-muscle S5’-stem of the 
kidne3’- and ureter described b3’^ KeJl^ and Bnrnliam. 

These ring muscles are situated as follows ; 

( 1 ) Rotnxi) THE Renae PAPiLLiB. — ^This was described by Mnschat as the 
musculus spiralis papillae, and is said b3r him to exert a milldng action of the 
papillae, and so to fill the secondary eatyces. 

( 2 ) Sthixcteric Rings round the necks of the primar3\calyces, or calyco- 
pelvic junctions, and at the pelviureteric junction. 

(3) In the Uretek there are said to be two sphincters separating tliree 
ureteric spindles. The evidence for these is not so definite, but is supported 
by the var3ang calibre of the m-etgr, as follows : Pelviureteral junction 3 
mm., lumbar segment 8 mm., upper sphincteric segment 4 mm., pehdc segment' 
6 mm., lower sphincteric segment 2 mm. 

The Normal Peristaltic Cycle in the Kidney. — ^This has been studied by 
J. L. Jona by pyeloscopic and manometric methods. The pyeloscopie,* 
which falls within the ambit of this book, merits description, since it is of 
in the study of dysfunction of the renal peristaltic activit3'. To study 
peristalsis p3’^eloscopically, it is necessary to fill the renal pelves from 
intravenous nrograph3’- does not cast a sufficiently dense shadow'. J'o 
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tlie intravenous j)reparation of Uroselcctan B. or Pcr-Abroclil. Tliis gives an 
exceptionally dense shadow which can he seen in the fluorescent screen TJie 
lenal pelvis is first drained as far as jxissible by aspiration, and then filled uith 
the opaque injection. The subsequent emptying of the calycal system, accord- 
ing to the abov'e uorker, follows a definite orderly peristaltic sequence. 

(1) The upper primary calyx (the term is meant to include the secondary 
calyces also) empties itself into the pelvis Immediatel}' this act has been 
completed, the sphincterie ring muscle at its neck contracts, and shuts off the 
calyx from tlie pelvis, thus preventing anj' reflux TJiis sequence of events 
occupies one to thiee seconds. 

(2) After an interval of tno to three seconds, the middle primary calyx 
undergoes the same sequence. 

(3) Then, after the same mterval, the lower primary calyx contracts No 
splimcteric occlusion occurs at its neck, however, since almost imniediatelj' the 
renal pelvis contracts with a snap and ejects about j c.c. of urine Into the upper 
ureter, w’hence it is passed domi from spindle to spindle into tlie bladder. 

While these two lowei calyces and the renal pelns liave been emptying, 
the upper lias been refilling, leady to start the cycle again. 

It should be noted that normally the emptying of the kidney lumen is very 
incomplete ; a “ maintenance filling ” of alx>ut 8 c c. is retained. 

According to Legimt. tlie average rate of evacuation is rather slower than 
tlie above suggests, viz. 1 c c. ]>er mmute. He states that a kidney wliich has 
been subjected to retrograde pyelography will usually clear itself of its opaque 
contents m about ten minutes. 

Pregnancy normally causes some increase in the size and diminished tone of 
the kidney pelns and abdominal ureter, from the fifth month onwards. It 
usually enlarges by about two-thirds of the normal but may go on to the stage 
of a mild hy'dronephrosis (Figs 335, 336). Tins is lield by Schumachfr to be due 
to pressure on the lower ureter, but Jom liokhs it to be due to the influence 
of an excess of oestrin. In support of this he cites the similar result of the 
mjection of cestrm into nonparous mice. The ureter not only dilates, but 
also elongates, so that its course becomes sbglitly' tortuous. Tins tortuosity 
normally disappears in time, but may persist in cases of subin volution of the 
uteius. 

Tambour tracings of the intrapelvic jiressure in some cases give an interest- 
ing graphic record of intrarenal systole In this the main rise in the curve is due 
to tlie iielvie systole, and the three ripples on tlie down curve result from the 
calycal sy’stoles 

Neuromuscular Dysfunction. — ^According to the above authority, numerous 
forms of dysfunction may’ occur, the prmcipal amongst whicli are (1) spasm of 
the whole pelvis, (2) atony of the whole pelvis, (3) spasm of the ureter at one 
point, with dilatation and antiperistalsis above, and (4) atony of the xireter. 
The cau'se of these dy’sfunctions is often quite obscure, but tlie spastic 
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2 )heiioraena are frequently reflex to a local x^yelitis or ureteritis, or to an 
inflammatory lesion in the gall-hladdetj appendix, or adnexa. 

Renal Sympathicotonus. — Of the dysfunctions involving combmed dilata- 
tion and spasm, the best defined is that described by 8. H. Harris, under the 
name of renal sympathicotonvs. He defines this condition as a dysftmction of 
the ring-muscle sv^stem, in which an achalasia of those sphincters results in 
3’enal stasis and eventual hydroneplrrosis. 

The out.standing clinical features of this condition are that it is commonly 
unilateral, renal pain and costo-vertebral tenderness may be present, urinary 
stasis may occur, and there is occasionally an exaggerated knee jerk on the 
affected side. 

E.serine gr. l/60th hypodermically relieves the pain and bj' relaxing the 
.■^pasm abolishes the luinaiy stasis. Both effects are tempora^\^ 

Radiographic Features. — ^Three stages of renal .sjnnpathicotonus may be 
shovm by urography. 

(1) Systolic. — This, the stage of irritabiht j’’. shows a contracted pelvis and 
calyces, and dela 5 '’ed emptying when tested by the instrumental method. 
Eserine empties the jielves and relieves the pain. 

(2) Diastolic. — ^The renal and calycal musculature seems to be exhausted, 
und to have given way before the pelvuu’eteric sjiasm. The renal pelvis is 
therefore enlarged. Eserine again contracts it and‘ relieves the pain. 

(3) Dilatation. — ^The musculature is paralysed, and any degree of hj'dro- 
nej)hrosis maj’- be present. Eserine i-elieves the pain, but does not contract 
the renal pelvis. 

This condition is analogous to Hirschsiirimg's disease and cardiospasm, and 
is relieved by periarterial renal sympathectomy. 

Action of Drugs on Dysfunction of the Ring-muscle System. — Jo7ia has 
reported the following pharmacological reactions, as recorded bj’- the 
kjunographic tracings. In each case the drug was given hypodermically 
or intramuscularly. 

PiTUiTKLX. — ^Thi.s causes an accentuation of the normal rhytlun, or. 
in ca'^es of atony and spasm, a return to tlie normal. It is a valuable 
agent in some cases, since, if it successfully breaks the abnormal cj^cle, the' 
effect is lasting. 

Atropixl, Hista^hne, and Esceixi; all cause a lise in the intrapelvic 
pressure. The similar effect of atropine and eserine is curious, in view of their 
opposite effects on the vagus. 

QildsIKB causes a relaxation of the sphincter system, and is of v-alue in/ 
spastic cases. 

Aspirin by the mouth slows the rhvdhm. 

Much of the above work on the neuromuscular apj)aratu& is of recent d ' 
and fiuther investigation may modify these views. In the meantime- 
presents an interesting field for further lusearch. 


'^SIO UlilNARY AND MALE GENITAL TRACTS 

^^"^DEVELOPMENTAL ABNORMALITIES OF THE KIDNEY 
Reference has already been made to the numerons developmental varia- 
tions which lie withm the limits of anatomical normality. Certain vaiiations, 
hovever, may become pathological, or assume prime significance in the 
surgical treatment of pathological conditions. 

Development of the Kidney and Ureter. — The rudiments of the kidneva 
appear about the beginning of the second month of intra-nterine life. Each 
arises as a diverticulum from the hind end of the Wolffian duct, close to uhere 
the latter opens into the cloaca. Tliis diverticulum grows upwards into the 
jntennedinte cell mass. Its blind end dilates and subdivides to form the pelvi«, 
calyces, and collecting tubulee- The secretory tubules are formed from the 
jjnmitive inetanephros, and the connective tissue and blood-^'essels from the 
mesodemiic tissue. At first the kidney is in the sacral region and obtains its 
primitive blood-supply froni the iliac artery or lower end of the abdominal 
aorta It gradnallj’ ascends to its adult side in tlie loin, and tlierc obtains 
a second and permanent blood-supply from tlie aorta higher up — the renal 
artenes. Normally, the primitive blood-supply disappears, but occasionally it 
persists as a supernumerary' renal artery. Tin’s may arise from the common 
iliac artery' ; more commonly it comes from the aorta, and may be either 
superior or inferior polar In the latter case it runs upwards and outwards 
to the lower pole of the kidney, in front of or behind the ureter. It is accoimted 
by some as one cause of liydroncphrosis, but opinion is still shariily diWded on 
this point It 18 certain that dirision of the vessel does not cure the hydro- 
nephrosis in many cases, and also that in many the dilatation docs vot begin 
immediately above the point at which the artery’ holds up the ureter. Joseph 
records a ease of infantile hydronephrosis whicli he states was due to an 
aberrant artery. The truth would appear to be that obstructive inferior polar 
artery almost always primarily affects the lower part of the pelvis itself, and 
that the hooking up of the ureter is a secondary effect due to distension of the 
pelvis downwards past the obstruction. 

FUSED KIDNEYS 

There are several varieties of this anomaly’. TJie commonest is the 
horseshoe deformity. Five different investigators, Botez, Carlkr, Thompson, 
Jlolzfeld, and Jacl\ all find an incidence of 1 in 700 post-mortems. Males are 
more commonly affecteil than females, in a ratio of 8 ; 3. 

As the embryonic kidneys ascend and rotate into their adult iiosifion in 
the loin, they normally remain quite separate. Should they come into con- 
tact and adhere, a horseshoe kidney results, the two organs being joined by an 
isthmus, which lies in front of the spine, aorta, and inferior vena cava. In tlie 
majority’ of cases this bridge is formed of renal tissue, and joins the lower 
poles in front of the fourth aild fifth lumbar vertebra;. 

Fused kidneys are always low in position, and may he actually pre-sacral. 
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The upper j)oles are farther apart tlian the lower — contradistinction to the 
normal — and as tlie normal developmental rotation of the kidneys caimot take 
place, the renal pelves lie in front of the U-sliaped renal mass, instead of medial 
to the two kidneys. The major calyces tend to look backwards, or backwards 
and inwards. The malrotation may affect one kidney only, tlie other assuming 
a fairly nonnal plane. 

The ureters i^ass domm'ards and forwards in fi'ont of the isthmus, and 
tend to curve outwards in their upper portions, together forming the “ flower- 
vase ” contour. 

The above is the common arrangement, but in 10 per cent, of cases the upj)er 
j)oles may be fused. In these cases the 
adrenals may be fused also. Thomi^son has 
recorded two eases of a solitary ureter 
draining two pelves. Bavasini records one 
in which the ureter passed beliind the 
isthmus. The ureters maj’^ be complete and 
bilateral, or incomplete, or absent on one 
side. The fielves may show all variations 
betAveen complete fusion and complete 
independence, and are commonly consider- 
ably deformed. 

Radiographic Features of Horseshoe 
Kidney. — Plain radiograms may hint at the 
condition, from the absence of clearly de- fjg. 3 . 37 .— The “floweiA-nse” out- 
fined renal outlines at the isthmus. Kohler line and the inturned calyces in hoTf-e- 
has enumerated the follotring signs of horse- kidney (inferior polar fusion), 

shoe Iddney, visible in a plaht radiogiura. 

(1) The long axes of the Iddneys are parallel, and do not diverge below. 

(2) The kidneys are imduly close together. 

(3) Double and equal 23tosis. 

(4) Immobility in the transverse direction. 

(5) Visible isthmus. 

None of these is certain, however, and urography affords the only 
definite evidence. 

The classical urograpbic signs are : 

(1) PAinuEE on Rot.\tio>- of Ktd^-et. — T he calyces face intvards, or 
imrards and backwards. 

(2) Ectopic Position- of xiin Kidxev— - lumbar or sacral. 

(3) POSITIOX OF THE Dreter, which enters the renal pelvis .from 
anterior outer aspect. The ttvo ureters curving outivards as thej'- dest 
form the so-called “ flower-vase contour. 

(4) The Lower Premary CUevces may extend towards one anol ' ' 

inferior pole fusions. ^ - 
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(5) The Pelves arc unduly close together, and arc laigor than normal. 
Actual hydionephrosis is not uncommon. 

These last two signs, calyeal and ihjIvIc, lia\e been systematised by 
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and third lumbar vertebrae. The points on tins baseline from which the sides 
of the triangle are drawn (and the angle so )napped out) are arrived at bjrdrop- 
ping perj)endiculars from it to the imiermost jjarts of the lower calyces. The 
inferior angle is the basal angle described by Gntierrez, and in the normal varies 
between 03 degi'ees and 100 degrees, vitli an average of 90 degrees. 

In nineteen cases of horseshoe kidnej' recorded by him the average angle 
was 20 degrees. Other observers obtained a much higher figure than this, and 
the sign is not a very reliable one. 

Rarer types of fused kidneys are the, discoid and the thyroid, so named from 
their shape. The most important point in these cases is to determine that the 



Fig. 340. — ^Tho same case as Figs, 33S and 339 after intravenous urogrnpliy. The riglit ' 

hydronephi’otic kidriey was hot visualised. ", ; ' 

Iddnej^s are fused, lest disaster occur bj’’ excision of the fused organ.’ It is als'd 
desirable to determine the independence or otherwise -of: the two halves/ 
especially with reference to their vascular and ureteric arrangeriieht.s'. 'In 
vietv of the numerous possibilities, each case must be investigated on its merits. 

Unilateral Fused Kidney. — In this tyi^e the fused Iddney has passed to one 
side during the ascent. The homolateral kidney is above the 6ther. ;and is , 
usually larger. This state of affaii’s will be at once apparent on iiistrumeiitaTi 
pyelography, the meter crossing over to the opposite side and there- erilar^ng;! 
into a renal pelvis. The calyces tend to point to the midline in- both kidnh’'' 
homo- and contra-lateral. If the two groups face in opposite directions/!^ 

“ S-shaped ” or “ sigmoid ” kidney results.. 

x-R. T — 33 ... ■ 
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OTHER CONGENITAL ABNORMALITIES OF THE KIDNEY 
Congenital Absence of one Kidney. — ts similarly of vital importance to 
tletect this abnormality. Cystoscopic appearances will raise its suspicion, and 
urography \rill confirm it. 

Ectopic Kidney. — ^This condition results from failure, partial or complete 



on the part of the kidney to ascend to its normal position in the loin. All 
stages between the adult lumbar and fcetal sacral positions may occur. A few 
cases are recorded where ,it has ascended above the normal site. The left 
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kidney is *iore commonly affected than the right. Crossed ectopia is rare, 
other than in the type described under fused unilateral kidney. 

The ectopic Iddney is smaller than the normal, and is deformed, the degree 
of deformity running j)ari passu udth tlie severity of the ectopia (Fig. 3fl ). The 
pelves and calyces share in this deformity, and in severe cases the liilum 
faces forwards. The ureter is short and runs straight down to the bladder. 

Instrumental pyelogi’aphy is the method of choice, and demonstrates the 
folloiving distinguishing feafui-es of tlie condition. (1) The ectopic position, (2) 





Fig. 342, — ^Duplex rjglit kidney, with double uictcr m the uppei third ; intravenous uiogram. 

The fixation of the kidney in different postmes, (3) TJie short ureter, and (4) 
Tiie deformed pelvis. The last three distinguish ectopia from nephroptosis 
Non-rotation of the Kidney. — In this the ladney is seen more oi less edge on 
in an antero-posterior view, 4vith a corresponding distortion and foreshortenini 
of the pyelographie appearance. 

Duplex Kidney. — In tliis common condition, when there is also a do • 
ureter, only one half, the one into which the catheter has passed, maj* 
demonstrated by an instrumental pyelogram. Usually the cephalic 
demonstrated. It presents a durab-beU appearance and usually ser’’ ‘ 
upper third of the Iddney. If the meter be double for only part of its 
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the other half of the Idtiney will be filled if the injection is made through the 
partially Mithclrawii catheter. Intravenous pyelography does not suffer from 
this defect of the instrumental method, and should be used if there is reason to 
suspect a duplex kidney, and the other ureter cannot bo located (Tig. 342). It 
IS essential to determine whether the iindemonstrated calyx has been oblit- 
erated by disease, or only " missed ” by the examination. 

Renal Hypoplasia. — In this condition the kidney is functionlc.ss, due to 
failure in development of the renal epitlielium from the metanephros. The 
kidney is represented by a small mass of fatty and fibrous tissue, with perhaps 
some epithelial elements and small ejssts. In some cases the ureter and pelvi.s 
develop, and in others these also are hypoplastic. In the former case instnv- 
mental iiyelogrnpliy reveals a rounded saccular pelvis, mth no calyces. In 
the latter pyelography is impossible. 

The type in nhich a pelvis and ureter are present may be distinguished from 
hydronephrosis by its small atypical shape and by the absence of calyces It 
may, houever, be confused with a dilated unicalycal pelvis in a case of duplex 
kidney and double ureter if the catheter has entered and filled that Iialf only. 
Intravenous pyelogiapliy will differentiate lietwcen them, or injection through 
A partially witlidrami catfieter 

Floating and Movable Kidney. — A kidney is said to be floating when it is 
provided with a peritoneal me^enteIy — a mesonephros. Tins is n rare con* 
genital variation, ami its very existence is denied by some authorities on tlie 
grounds that it is developmcntally imjiosMbie. Jlovable kidney, a much 
commoner condition, moves up and down and laterally irithin the lax perirenal 
fascia. The renal vessels are elongated to allow of tins movement, and the 
perirenal fat atrophied. 

Tlic condition can usually be detected clinically. Radiogmphio confirma- 
tion depends on tlie pyelogram This shows tiie kidney to be variable in its 
position. If a radiogram be taken with the kidney displaced downwards, the 
upper part of the ureter is seen to be curved or looped on itself. 

Tins looping of the upper ureter is the distinguishing point between a low- 
mobile kidney and a low ectopic kidney In the latter there is no “ slacl,. ’’ 
in the ureter 

INFLAMMATION OF THE KIDNEY 

Pyelitis. — The majority of ceases of chronic pyelitis show no X-ray or jiyolo- , 
graphic signs. Occasionally, if severe or long-standing, some clubbing of the 
calyces may be present, the pelv%8 retnaining of Jionnal size At a late stage 
there may occur obstruction at the pelviureteric junction witli secondarj* 
dilatation of the pelvis ' The ureter may lie invoU’ed and become rigid and 
dilated, and subsequently stenosed. 

Pyonephrosis. — The later stage of the above merges into a pyonephiosis. 
In this the pyelogram shows ealycal and pelvic dilatation, with an iriegular 

‘Climcnllv, however temporarv blockage is frorjiient even in ncufo rases 
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woolly outline to the calcj'ces. Thewoollinefcs is due to ulceration and granu- 
lation issue. The contrast medium may extend into tlie renal parenchyjna, 
indicative of a meduUaiy or cortical abscess communicating "with the catyx. 
)Such a track must be distinguished from the normal filling of the collecting 
tubules after instrumental pyelograpJiy with Uroseleetan B. A pyoneplnosis 
may also be secondaiy to a hj’dronephrosis, from super added infection, eitlier 
ascending or liBcmatogenous. It is frecpiently associated with renal calculus. 
The radiographic appearances are 
either those of hydronephrosis, or if 
much ulceration be present, of the 
pyelonephritic Jiydronephrosis de- 
scribed above . Tzi the acutely jzain- 
ful periods there is complete block- 
age of the ureter, and no pyiuia; 
in this phase the intravenous 
method eommonh'^ fails to demon- 
strate the condition. 

Perirenal Abscess. — This con- 
dition may give several radiological 
signs of its presence. The diaphragm 
commonly shows reflex fixation on 
the same side, and, if the abscess is 
large, some elevation. I^fiien the 
stage of elevation is reached, the 
abscess has probably .spread to a 
subphrenic type. The renal outline 
may be obliterated, enlarged, or 
displaced. The shadow of the 
psoas muscle is not infrequently 
obliterated by a izerinephritic 
abscess, and the lumbar spine may 
show a mild scoliosis, the concavity 
towai’ds the abscess. Tlie colon, if sufficiently outlined with gas. znay .show 
sozne displaceznent. 

In acute cases instrumezital and intravenous urography is inadvisable, but 
in the more chroznc cases, amenable to such investigation, associated patholo- 
gical conclitiozis may be demonsstrable, such as pyonepluosis, defective renal 
functiozi. pressiu’e deformity of the jzelvis or calyces (Pig. 343), or a fistula 
betweezi kidney and abscess. 

RENAL AND PERIRENAL FISTUL^E 

. > ? 4 

Eadiography u.sually gives accurate izzfozmiation as to the coimeetioi;S, 
these fistzjlze. 



Fig. 343. — Laigo letioienal abscess displacing 
the kidnov and meter forwards and inwards and 
caiifcing a ple‘^su^o defect in the lowei caljx. 
Complete rocoveiy followed diatnage of the 
abscess. 
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(1) Fistulse unconnected with the Urinary Apparatus. — Sncii fiatiil® may 
arise from an empyema, appendicitis, or other purulent collection. Tlie proof 
of its relationships may be made by combining pyelography %vith injection of 
the fistulous track v.ith lipiodol. The former will show the urinary apparatus 
to be intact, and the latter the conrse of the track. It is important to employ 
stereoscopy in this. Only by stereograms can the spatial relationships be 
clearly made out. In addition, tJie mouth of tlie fistula should be marked with 
a •wire ring fixed on tli© skin by atjhesive strapping. This strapping also serves 
to seal the sinus, and prevent leakage of the contrast medium during the 
exposures. 

(2) Fistulae connected with the Kidney. — ^These ate rarely spontaneous, 
from the rupture of a pyonephrosis into the perinephric tissue and thence on 
to the surface of tlie body. In such cases it may be sufficient to employ trans- 
vesical pyelography alone, and as soon as the medium commences to leak at the 
mouth of the fistula, to seal the latter with strapping, inject a little more of the 
medram, and take stereoscopic radic^ams. II this procedure is ineffective, an 
attempt may be made to fill the fistttln and renal jielvis from the loin or to use 
both methods. 


PYELO-URETERITIS CYSTICA 

Bkherbach, Cool-, and Goodah Lave reported the X-ray appearances in a 
case The left Udney and ureter Avere InA’olved. 

Pathologically the mucosa of the renal pelvis and tireter was studded with 
translucent cysts, 2-3 mm. in diameter. These cysts are supposed to bo post- 
inflammatory, and to result from central degeneration in hj’perplastic mucosa. 
{Bninn.) 

Radiograpliically slight hydronephrosis and liydroureter were present, and 
characteristic tiny round fiiling-dcfecls in tlie pyelograpliic shadoAV. These 
uere best seen in the ureter. 

As this appearance can be simulated by bubbles of gas introduced during 
an instrumental pyelogram, it is adiisable to reinject and take a furtlier 
radiogram, should the first show such an appearance. 

TUBERCULOSIS OF THE KIDNEY AND URETER 

Pathology. — This infection may attack the kidney m the following forms : 

(1) Miuary Tuberculosis — This cannot lie demonstrated radio- 
graphically. 

(3) Ulcero-caverxous Type. — Tliis is the common form and com- 
mences with ulceration of the apex of a pyramid Tlie ulceration gradually 
erodes and IiqUqavs out the pyramid A similar process occurs in other 
pyramids and by coalescing forms considerable cavities. 

(3) Tuberculous Pyo- ob HYDEOirEniROsrs. — Contracture of the necks 
of the ulcerated calyces may shut off the cavity and produce a partial lij’dro- 
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iieplirosis, or the ureter may become similarly contracted at some part 
of its course (usually the lower end) and cause a total hydronephrosis with 
a hydroureter. 

(4) Caseous Tubeeculosis.— When the infection is chronic, massive 


caseation may take place, and the whole 
, Iddney may eventually be transformed 
into a eompartmented sac filled with 
caseous masses. Finally calcification 
takes ifiace. 

Radiographic Features. 

Ulcero-caveruous Tyre. — This 
may accurately be demonstrated by 
pyelography. Without question the 
instrumental method is much to be 
prefen'ed, as it is essential to obtain the 
finest details of the ealycal outline. 
The cystoscopy necessary for tliis also 
allows the outflow from the other kidney 
to be investigated, a matter which is of 
the gr-eatest importance in detennining 
whether nephrectomy is ad\asable. 

The earliest lesion is a “ moth-eaten ” 
enlargement of one of the calyces. 
Later a number of calyces show the same 
change. coalescence of these, larger 
irregular camties are formed, until the 
disease develops into the stage of tuber- 
culous hydronephrosis. In the early 
. stages the ureter loses its “ spindles,” 



and becomes dilated and atonic (Fig. 344). 

Tuberoueous Pyo-'OR Hydroke- 
PHEOSES. — The distinguisliing feature of 
this is the irregular “ moth-eaten ” out- 
line, m contradistinction to the clear-cut 
contom' of simple hydroneiflirosis. The 
xu-eter, if affected, maj’’ show in a series of 
radiograms to be inogularly dilated and 


Pig. 344. — 'Ulcevo-caverp.ous tuberculo.sis 
of t)io left kidney and ureter with almost 
coinpiete destruction of the paTenelnTma. 
The sola Bvmptom was pyui'in, discovered 
at life-insurance examination. On cysto- 
.scQpy a gro.ssly distorted bladder was seen, 
and a tuboreulous ulcer at a “ golf-hole ”, 
left, ureteric orifice. 


rigid, with intervening strictures (Fig. 345). A featame is the constancy of the 


ureteral irregularity in this stage. If it also becomes shortened, as it frequently 


does, the ureter loses its normal curves and runs straight from .the renal 


lulum to the bladder, v.diicli also shows distortion. 


Caseous. Tubeeculosis. — Li neither of the above tjqies does jilain radid 
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graphy affortl much help, but in the caseous type quite characteristic sigus are 
given in a plain radiogram. The renal outline may be somewhat enlarged, and 
scattered thrqnghont the renal areas are faint, hazy, woolly opacities, irregularly 
arranged in dumps, and representing the caseous masses (Fig. 340). A pjelo- 
gram of this tyjie shows an irregular ** spider *’ type of pelvis, with little in the 



Fjg. 31j — Tuberculous hjilionephrosis aod hydrouieter Tsifli Btiicture of the latter at its 
*, lower end (Ascending pyeUsgwim y 


way of calycal dilatation. In the stage of calcification the woolly shadows 
become denser and more clear-cut, until finally the IJdney may shnnii and 
Itccome an irregularly calcified mass, almc^t resembling a litige calcified 
lymphatic gland. 

Wliile the instrumental method of pyelography is greatly to be preferred in 
the investigation of renal tuberculosis, because of the clarity of the outhne so 
obtained, if is frequently inipractioahle. It'is precluded in cases in uhich the 
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bladder is severely involved, or where the degree of. involvement of the ureter 
makes ureteric catheterisation impossible . If there be grave mixed tuberculous 
and septic infection present, the method is likewise contraindicated. In such 
cases it is wiser to be content with the less certain information afforded by the 
intravenous method. The latter has the advantage that it gives some informa- 



Fig. 346. — CasBOus tiiberculosi-s of ttio right kidney, showing caseous and 
calcareous debris ; intravenous urogram. ' - 

tion as to the. function of the other kidney in miilateral lesions, or may show 
an unsusxiected lesion in it : of importance where sm'ger}’; is contemplated. . 


CYSTS OF THE KIDNEY 

Polycystic Kidney (Congenital Cystic Kidney) 

Clixical Eeatuebs. — In this condition the kidnej’’ contains a large number 
of cysts ; the enlargement, often very great, produces a uniform . Iqbulated 
tumour and occasionally the Iddney has the- appearance ahnost of a bunch of 
grapes. It is supposed by some to result froin. a failure to unite on the pait'^; 
the collecting tubules, developed ffom’the primitive ureteral bud, and''" ' ' ' 
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Fio 317 — Polj^yetie (li-^ase of tho kidneis 


secreting tubules, developed 
from the metanepliros. Tiie 
latter, ending bltadly, dilate 
into cysts. Tisere are, how- 
ever, objections to tins view, 
and there are numerous other 
theories of its causation, 
incimling proliferating cyst- 
adenoma, lymphangioma, 
endothehonia, Wolffian in- 
clusions, and fcetal nephritis. 
The condition is frequently 
faniilial. It may be present 
at birth, or may not be fully 
developed until adult life. 
It IS always bilateral, and 
causes an enlargement of the 
kidneys, that can usually bo 
defected clinically. There 



Fio 348. — Folycjstic disease of the kidneys, 
Bho« tng the etilargoment of tlie pelvis, tho spider 
calyces, and the erescentne jropres^ioiui produced 
by the cysts 


being few other bilateral enlarge- 
ments of the kidney, the disease 
IS usually strongly suspected on 
clinical grounds. 

RADiooR.\piric Featuhes. — 
Lobulation of the renal outlines 
may bo ^•isible in a plain radio- 
gram. but this is an inconstant 
sign. Pyelography usually gives 
a very characteristio appearance. 
Owing to the defective unnary 
excretion frequently present in 
these cases, the intravenous 
method is likely to be unsuccess- 
ful in outlining the renal pelves 
satisfactorily, and the instni- 
mental method should be used if 
possible. 

As the c>'sts, varying in size 
up to that of a cherry, are scat- 
tered irregularly throughout the 
renal substance, the distortion 
wliich results in the pelvis and 
calyces may be very varied. Three 
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features in tlie p5’-elograin 
can generally be made out 
(Figs. 34:7-50). 

(1) General enlargement, 
lengthening and compression 
deformity of the pehds and' 
calyces, of the “ spider ” or 
‘‘dragon” type. The 
primary calyces are more 
involved in this change than • 
the secondary. 

(2) Absence of any 
localised liydronephrotic ■ 
dilatations. 

(3) The calyces and pelvis 
may here and there show 
clear-cut crescentic indenta- 
tions, .sometimes with a 
“ Half-shadow,” due to the 
projection of the cj’^st into 
the calycal or pelvic lumen. 
This is the most character- 
istie sign, and, if well 
developed, is pathognomonic 
of polycjnstic disease. 

These changes are 
bilateral, a point which 
differentiates the condition 
from neoplasm. 

Solitary Cyst. — Solitary 
serous cysts are very rare. 
They' may become very 
large. In a pyelogram they 
may cause pressure distor- 
tion and elongation of one 
part of the pelvis and 
associated calyces (Fig- 351). 
The wall of the cyst may 
undergo calcification. 

Hydatid Cysts- — Tlie.se 
are also verv rare in Great 



Fxg. 349. — Congenital cystic kidney.. Thi.s pyelogram ‘ 
show.s the cbaracferi.stic' feature.s ; marked enlargement, 
of the cavity of the kidney, lengtliem’ng of the calyces and ■ 
crescentic indentations produced by the pressure, of the 
cy.sts. ■ . , ' - , , 


Britain, only four cases having been reported. They'- are less nne 
Russia, Greece, Spain, and Anstralia. , . , 
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R. C. Begg points out that tlicre are tliree classes of Jiydatid cyst of the 
hidiiey — open, closed, and pseudo-closed, according to tlie relation of the c)st 
to the renal pelvis. Each presents different radiological characteristics. In 
tlie open type the peric5’stic and endocj’stic casnties both communicate with 
the renal cavity, and the cyst therefore becomes filled m itli tlie opaque medium 



in pyelography. The filling of the cyst may be irregular, owing to the piesence 
of endocystic daughter cj’sts Renal colic and the passage of hydatid elements 
in the urine are typical features in this type. 

In the closed iypt both cyst andpericyst are completely shut off, and cause 
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a pressure filling-defect in a j)yelogram. The symptoms in these eases are 
those of pressm’e of the cyst, if the latter is large. 

In the 2^seudo-dose(l type the renal pelvis communicates with the pericj^stic 
sj)ace. The p3’'elographic medium may escape into this space, and cause an 


^ irregular shadow round 
the cyst. 

Calcification of the 
wall of these cysts is not 
luicommon, and appears 
in a radiogram as a 
.more or. less complete 
shadow. 

In contradistinction 
to hydatid disease of the 
liver, primarj'- hydatid in 
the Iddney (i.e. deriA'-ed 
from a hexaoanth em- 
bryo ) is almost invariably 
■single, and from tins 
secondary c 3’' s t s may 
develoii. 

vSecondaiy embohc 
C3’sts are rare in the 
kidne3’', 25 in 474 cases 
{N ica is e,) . Their 
behaviour is similar to 
the primary t5pe. 

Aneurysm of the Renal 
Parenchyma. — ^This is a 
rare condition, and be- 
comes Ausible in a plain 
radiogx’am if its wall is 
calcified. It then shows 



as an irregular circular 351.— Filling defect, ih a pvelogmm due. to a .simple cv!3t 

shadoAv, vdth a coarse of the iddney. ' . 

network or series of 

irregular shadows from calcification in the anterior and posterior Avails: 

Some indentation deformity of calyces and pehds may'^ result and be Ausible 
in a py’elogram. . - , , , ■ . ^ ^ 


RENAL NEOPLASMS -’ft 

, .. ' _ 

The classification and macroscopic pathology of renal neoijlasms- f 
portance, inasmuch as their site of incidence and local spread permitM 
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cases of individvial radiological identification. Tlie following classification 
includes most of the neoplasms met mth in the kidney. 

There have to be distmguished tumours of the 

(1) Renal parenchyma. 

(2) Renal pelvis. 

(3) Renal capsule. 

(4) Adrenals. 

(6) Perirenal tissue. 

(C) Prerenal tissues. 


SIMPLE NEOPLASMS OF THE RENAL PARENCHYMA 

Simple tumours such as lipoma in combination with other tissues (e.g. 
lipomyoma, angiolipoma), fibroma, angioma, and fibiomyoma arc roramon, but 
axe usually of no clmical significance. An exception to this is when hfcmaturia 
originates from an angioma of the renal jiyramid or pelvis. These tumours 
arc usually quite small. 



Fig. 352. — Simple polycystic ttiinour of 
lower polo of kidney, causing pam in loin 
IVemoved by wedge resection of jower polo 
Kidney elsonhero healthy 


Adenoma is a rare tumour and 
seldom reaches a larger size than a 
walnut. In n cose observed by one of 
tho writers (C. J. JI.) the tumour 
attained a diameter of 3 inches, and 
caused a semicircular defect of the 
Jouer half of the pelvis and an obstruc- 
tion of the upper calyces. The clinical 
features were globular enlargement of 
the kidney and pain from degeneration 
of tho tumour. There was no hrenia- 
turia. A point of noto is that even if 
these simple tumours do grow to ca size 
sufficient to deform the renal pelvis, 
they do not produce the spider 
deformity so characteristic of li^TDer- 
nephroma {Fig. 352). 

MALIGNANT NEOPLASMS OF THE 
RENAL PARENCHYMA 

These form the majority of renal 
neoplasms and include hypernephroma, 
teratoid malignant tumours, car- 
cinoma. and sacroina. 

Hypernephroma is much the 
commonest malignant tumour of the 
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renal parenchyma . This striliing tumour was described bj^ Graiviiz m 1 883, and 
concernmg its patiiogenesis — ^its origin as an adrenal inclusion, or from the 
Wolffian body— controversy still continues. The clinical and pathological 
features of hj-pernephromata are of gi-eat radiological importance. Thej^ most 



frequently arise in the cortex of the upper pole, near the capsule, cause: an. 
irregular enlargement of the renal outline, and also encroach on the lumen.qf ■ 
the kidney. Hajmaturia is the common symptom, as a result of extension 7 
a calyx. Earlj"^ metastasis is the rule, both by lymphatics and blood-stre- 
Often tliere occurs a very early and extensive hsematogenous sinead;^ 
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lungs and bones — cranial vault, sternum, anclspine — so frequently that exainina- 
tion of tliese structures is imperative in cases of suspected or proved hyper- 
nephroma, and particularly before nephrectomy is decided upon. An obvious 



Pio 354 — FjUing defect «\ the left kulner. cauied b\ a hypernephroma of the upper pole. 


corollary is that a careful search should be made for hj’pernephroma in case 
of palsooo&ry os Vksiw vne-fwitasps. 

Radiographic Features of Hypernephroma.— It may be possible to demon- 
strate m a plam radiogram the irregular enlargement of the renal contour, 
but since the enlargement is usually in the upper pole it may not bo clearly 
defineil. Perirenal cntpliysema after the method of CarelU sliovs the 
upper pole clearly, and is an available mcasuie in exceptional cases in uhich 
pyelography fails. 

Calcification is a rare occurrence in a Jiypernephronia, and is, of course, 
visible in a plam radiogram. 
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Apart from the above, the radiological signs of hypernephroma are all 
pyelographic (Eigs. 353-355). Braascli enumerates these as follows : 

(1) Elongation of calyces. 

(2) Encroachment of the pehns. 

(3) Secondary pyclectasis. 

(4) Displacement of the kidney and its pelvis. 

(5) Deformity of the ])el\dureteric junction and upi^er ureter. 

(1) E/o»< 7 ah’ow o/6V/yce5.~ -Elongation of a calyx is the earliest sigii of the 
majority of malignant parenchymal 

tmnours. . It is especially well marked 
inthehyjjenieplu’omas. As the tumour 
expands the kidney substance out- 
wards, the' calyx is stretched out uith 
it. At the .same time it is narrowed 

by compression, deformed , perhaps dis- !{• 

placed, and the terminal papillary 
exxiansion deformed or obliterated . As 
Die DuuOTi^r^ws^ the a(^aceiit c^yci^ | 

must_^^di^iiigr^hed -^om anatomi^l | 
normal in such cases, and'the apjieai’- 

ance may be the same in the other ■ ' , ; 

Iddney. 355 . — Hyiiemephromij. of the upper ’ 

(2) . Encroachment on Renal p^'^‘ an appearaVee 

PeLMS. As the tumour extends to- growth e.xten(3ofl into the renal ..^rciri.' The ’ 
wards the kidney pelvis, it encroaches only symptom wn.s Inematnria one imonth ‘ 
progressively on its lunien. In the before. , . 

early .stages a .small filling-defect may . ■ \ ; 

result ; in more advanced cases only irregular narrow clefts may remain or the ' 
lumen may be completely obliterated. In this last case, the injected medium is ,, 
arrested at the pelviureteral junction. Carcinoma shows this featiue more ' 
than the other renal neoplasms, but it aEo occurs in hypernephroma. . ’ 

(3) Secondary PyELECTAks. — Rarely the tumour may encroach on and . 
obstruct the pelviureteral region, and produce a secondary pyelectasis. . Or it ' 

, may occlude the isthmus of a primary calyx and cause a localised dilatation of 
- that calyx. It may not be possible to demonstrate tliis with' instrumentah. 
pyelography, and in such a case the intravenous' method may be of Amlue. ' ^ 

. ■’ X.-R,.l — 34 ' 






Fig. 355. — Hyjjernephromij. of the upper ’ ' 
pole of the right kidney, giving an appearance? 
of amputation of the tipper calyx. ThO' • 
growth e.xtemlofl into the renal ..vein.- The 
only symptom wn.s Incmaturia one jinonth ' 
before. ■ , , - ' 
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(4) DlsrLAOEME:?T OE THE 
Resah rEL\Tf<. — ^TJiis occurs wlien 
the tumour is large. The direction 
of displacement of the renal i^elvis 
depends on its spatial relationship 
to the groiving tumour mass. 

(6) DEronMiTY AjTD Displace- 
ment OF THE Upper Ureter. — 
also occurs wiien the grouth is a 
large one. 

If the renal tumour is very large, 
it may cause pressure deformity of 
otlier viscera, such as stomach or 
colon (Figs. 350-357). 

Teratoid Tumours are rare , they 
occur in infants ; and may attain a 
great size, uith little tendency to 
metastasise locally or systemioally. 
Htematuria is not n feature of the 
disease, as o rule. Carcinoma or 
sarcoma may predominate in the 
histological picture, and a variety of 
other tissues may be included, such 
as plain or striped muscle, cartilage, fatty and ela,stie tissue, and epithelium. 

Tlie radiographic signs are similar to those of hypernephroma ; enlargement 
of the renal outline, calycal 
defonnitj and obstniction, i 
and compression of the renal 
pelns 

Carcinoma of the Kidney 
(pace that section of patho- i 

logical opinion that calls all ^ 

hypernephromata carci- f 

noma) differs fiom the latter ^ 

in that the kidney is invaded ^ 

slowly, and not disten<led or 
displaced, as in the case 
of hypernephroma. The 
tumour arises from the renal 
tubules and does not attain 
a great size. In the early 
stages invasion of the renal 
jielvis occurs, nitli an 



357 — Displacement of stomach by a largo left renal 
tumour. 



FiQ 3&a— ttftfmtn «n«rea preseur« d«r«rnut> 
of the eigrooid from a large left renal tumour 
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irregular filling-defect. Later, increasing 
infiltration may cause calycal deformity 
and local or general calycal hydronex)lrrosis. 
The typical ajjjiearance in carcinoma of the 
renal parenchyma is thus different from 
that of hypernephroma, but the appear- 
ances in both may be so varied that- the 
X-ray evidence will not be adequate in 
most cases to differentiate between them. 

Sarcoma of the Kidney (if a true sar- 
coma — most prove on close examination to 
be teratomata) is commonly subcapsular 
or i^erirenal in origin, and tends to spread 
outtturds. This enlarges and obscures the 
renal contour, but p3ulographic changes 
are either absent or slight and late in 
appearance. 

NEOPLASMS OF THE RENAL PELVIS 

Papilloma. — ^This is a comparative^ 
■rare condition. It causes a fiUing-defect 
in the pelvis in a i^yelogram, and, depend- 
ing on the amount of obstruction at the 
pelviureteral jimction, ma}’^ induce a 
hydroneplirosis. To demonstrate the 
filling-defect, radiograms should be made 
vith different degrees of distension of the 
l^elvis by the opaque injection. 

The type of filHng-defect depends on 
the, shape and size of the tumour mass. 
The smaller ones-maj’^ produce a discrete 
rounded or nodular filling-defect. Aiarge 
villous grovdh produces an iiregular 
spotty or lacework defect, the result of the 
contrast fluid occupying the interstices of 
the gro^vth. In the true renal pelvic 
tumour the catyces are intact, and fill to 
normal contours Avith. transvesical ■p3^e]o- 

graph 3 q but portions of a villous, groudh 

may block a catycal neck, and prevent it 
filling Avith the medium. ' 

A bubble of gas, accidentally injected 
along with the contrast medium into 



Fig, 358. — Ilocmorrhage into {lie;, 
pelvis and ureter, causing fllUng ’ 
in the pyelogram, from blood-elo ' 
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the renal pelvis, can cause a filling-defect closely similar to that of a small 
pedunculated tumour, and must be e^cluded in the differential diagnosis. 
Similarly, a blood-clot in the renal pelvis may cause a suspicious filling-defect, 
Clinch can be differentiated only by subsequent re-examination (Fig. 358). 

Epithelioma. — In its papillary form this piesents similar radiographic 
features to the above. When an appearance of this nature is obtained, thei-c- 
fore, suspicion of tlie graver condition should always be entertained. Rarely- 
epitlieliorna may occur in a squamous form. 

When, in carcinoma of the renal pelvis, the obstmctivo hj dronephrosis 
becomes x erj’ marked, it may be imjiossible to show it either by the instrumental 
or intravenous methoil, the medium \n the former case being unable to enter 
the kidney, and in the latter not being concentrated by it adequately- 
foi demoustcation. 

Mesoblastic Tumours of the renal jielvis (ftbromn, sarcoma) are very rare, 
and tlieir pyelographie appearances have not lieen recorded sufficiently often to 
form a collected picture 

NEOPLASMS OF THE RENAL CAPSULE 

Fibroma’ and sarcoma may arise from this site onti cause an irreglar 
enlargement of the renal outline. The renal pelvis is not as a rule defonued. 

NEOPLASMS OF THE PERIRENAL TISSUES 

Among such are fibro-rayxo. or angloUpoma, and liposarcoma. The kidney 
may be displaced or rotated, mthout change in the pyelogram 

ADRENAL NEOPLASMS 

These come but little into urological or urographic diagnosis. In the 
cortical variety the uell-knomi virilism syndrome calls attention to the condi- 
tion. There are two medullary varieties the I/ufc/ttso/t type uitJi orbital 
metastasis and resulting exophthalmos, and the Pcjiper type, uith large hepatic 
secondaries. In the latter the tumour, is commonly palpable, and a pyelo- 
gram may show compression of the upper calyces and depression of the kidney. 
Hjematuria is not a feature. 

PRERENAL TUMOURS 

Tliese may- be by-datid cysts, lymphangiomata, or developmental cysts of 
Wolflian or JIuUerian origin. Sometimes the tumour may be of the Grawitz 
ty'pe, completely distinct from the kidney. Indeed, similar tumours may be 
found in the inguinal canal, testis, and broad ligament, all situations in uhich 
rests may oecm-. 

All the above pieienal tumours may cause displacement of the kidney 
^nthout pyelogiaphic changes. 
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HYDRONEPHROSIS 

Eor a proper appreciation of the radiograpluc features of Jiyclronej)hrosis 
some understanding of tlie tetioiogy, pathology, and morbid anatomy is neces- 
sary. It may be defined as a chronic asej)tic dilatation of the renal basin and 
calyces. In the majority of eases it is to be regarded as symptomatic of a 
preceding pathological condition ; in certain cases, however, it is the hydro- 
nephrosis itself which constitutes the main picture. 

ETIOLOGY 

The causes of hydronephrosis are many, and maybe grouped according to 
whether it is bilateral or unilateral. 

Bilateral Hydronephrosis arises from chronic vesical obstructions, namelj' : 

(1) Erom urethral stricture — traumatic, inflammatory, developmental, 
or neoxfiastic. 

(2) Erom bladderneck obstructions — prostatic enlargement and fibrosis 
(simjjle or malignant), median bar, middle lobe, and contracted bladdenieck. 

(3) In the ■' sxiinal bladder,'’ from spinal cord lesions — traumatic, vascular, 
neoplastic, inflammatory, tabetic, and idiopathic (in 20 x^er cent, of eases no 
nerve lesions can be demonstrated). 

(4) In congenital achalasia of the bladderneck, associated with Hirsch- 
sxnung’s disease. In this connection it is interesting that' in some cases of 
variously disturbed vesical innervation in children, radiograph}’ may reveal a 
spina bifida occulta, suggesting cord xnessure. 

(6) In bilateral lueteral obstruction, from carcinoma eervicis and some con- 
ditions of vesical fibrosis (e.g. bilharxiasis) and in the latter stages of xnegnancy . 

In all the above types the hydronex)hrosis is accomx^anied by bilateral 
hydroureter. 

Unilateral Hydronephrosis is due in general 'to intermittent or constant 
partial obstruction in the ureter or at the pelvimeteric junction. 

Ureteral Obstrttctiok may occur anyAvhere along its course from obstruc- 
tion of the lumen by calculus or tumour, or changes in the lueteral wall from 
oedema, ulceration, or scairing. following trauma or imxJaetion of a calculus 
(Eig. 369). 

A not uneoinmon type of this is fibrosis at the lower end from tuberculosis, 
producing a tuberculous hydronephrosis (aide Eig. 345). 

Obstruction may be caused by x^ressure from ^vithout from tumour or 
fibrosis (Eig. 360). The problematic x>ressure from aberrant artery has been 
discussed tmder developmental abnormalities of the Iddney (Eig. 36J). It is 
a dubious cause in many cases, as is Idnldng of the ureter from nephroptosis. 

All the above miilateral types of hydronephrosis are accompanied by hydro- 
ureter above the point of obstruction. 

Obstruction at the PuLinuRETERAr, .Junction may occur from various 
causes. It may be due to stone, or more commonly the associated fibrosis ; to 
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tumours of the renal pelvis, such os papilloma or carcinoma ; to fibrosis in 
chronic mild pyelitis. Most commonly, however, no pathological change is 
jiresent at the pelviureteral junction. Such cases in all probability belong to 



the great group of 
achalasias which in- 
clude pharyngeal 
(liverticuliim, cardio- 
spasm, and HiiscJi- 
spmijg’s disease. High 
origin of the ureter is a 
frequently quoted 
cause, blit it is debatable 
whether the high origin 
is not really secondary 
to an achalasic h^dro- 
neplirosis 

Congenital Hydro* 
nephrosis, occurring at 
or soon after birth, may 
be dv;e to a variety of 
causes. Zimilaleral, it 
may be due to stenosis 
of the ureter, or folds or 
kinks in it. The 
commoner type is 
bilateral. In one variety 
it is due to urethral 
obstruction, usually at 
the meatus. Tiie one 
most likely to be met 
•\rith is the achalasic 


Fio 330 — Double calculou’i bjdronephrosie, ehovm bv 
instrumenttil pyelography A small calculus in the left Kidney 
has been blotteil out by the opaque medium One largo 
eoraliform calculus and two small ones are iisibla on the 


type. In one such case 
(C. J. il/.), there was, in 
an infant dying at nine 
days after bilateral 
hydronephrosis and 


hydroureter, a bladder hj’pertrophied to a thickness of 1 cm. , tiie ureter was 


not obstructed. 


PATHOLOGICAL ANATOMY 

In the earh' stages of hydronephrosis the pelvis increases in capacity, the 
calycal necks ndden, the calyces enla^, and the pyramids become first flat- 
tened and then hollot^ed out. TTie kidney is not appreciably enlarged at first. 
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Fig. 300. — ^Ijld hydronephrosis 
from adhesions of the perirenal 
faseia. 


Fig. 361. — Developed hydro- 
nephrosis associated with an inferior 
polar artery. 


and the pelvis small and opened out. The end stage is a sacculated hagl In 
this variety the external renal contour may show lobulations. , / . 

In the pelvic type the dilatation is at the expense of the renal pelvis. The 
calyce.s are Init slightly dilated, and the kidney sits like a cap on the 'gl()bi04^ 
pelvis. In this type the angulation of the pelviureteral junction is most 
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It is said to develop a valve action, and so promote a vicious cj’cle. Tlic 
ureter is seldom dilated lu tliis type. 

WJiere for any reason a calycal neck or one segment of a double jielvis 
liecomes obstructed, a jxrrtial hydronephrosis, confined to the calyces affected, 
results. Tills is a very important variety from the point of vien of 
differential diagnosis. 

RADIOGRAPHIC FEATURES 

Little or nothing regarding a hydronephrosis .can be leanit from a jilain 
ratbogram. Renal or pelvic enlargement may be made out. but not the caiu-e 


Fig 36J —Double hjilioneplmwis • the left ^hoirn bv Bwentling pielograpln Note the 
eatheter coiled in the right renal pelvw, imbcating that it too is dilated. 

thereof The clearest demonstration of the degree and type of liydronephrosis 
IS given by the instrumental method of contrast urography. 

With Instrumental Pyelography the earliest indication of a hydronephrosis 
is a shght clubbing of the secontlarj’ calyces. The calyces dilate somenhat, 
their cupping tends to be lost, and the necks become thicker. The renal pelvis 
at the same time begins to enlarge (Fig. 300). The late X-ray appearances 
depend on wbich tj’pe hydronephrosis develops. 

In tub Calycal Type tlie calyces undergo progressive enlargement, until 
the intervening renal parenchyma is reduced to thin septa separating large 
regularly arranged loculi (Figs. 359, 361, and 362) Tlie pelvis also dilates, but 
not as a sac external to the kidney. Its concave infero-medial border beeome.s 
convex, and an angulation appears between it and the ureter. 
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l2v THE Eelaho Type the predominant .feature is the large bulbous pehns, 
contrasted Yith the bunch of slightly enlarged calyces arranged along its outer 
margin; As the pehis enlarges it tends to rotate the kidney behind it, so that 
the renal hilum points forward. The Iddney is then seen in a pyelograin more 
or ‘ less edge on, and the pehnc shadow is superimposed on the calycal 
(Fig. 3G4). In the. renal or calycal type this rotation does not take place. 



Fig. 363. — ^Huge left hydronephrosis, shown by ascending pyelography. 


Indeed, a reverse rotation tends to occur, and the kidnej^ assumes a coronal 
plane. The pyelogram is thus seen undistorted by any obliquity. 

In a case of Pautiae Hydrohephrosts of one or more catyces, these will 
be. seen to be dilated in an instrumental pyelogram, provided that the causal 
obstiaiction is not too tight to allow the contrast medium into the dilated 
portion. Some clue as to the cause of the obstruction, e.g. tumour, may also 
be evident. • ' ' . ' , 

. It may, of course, be added that catheterisation of the obstiucted kidnej'- 
may in itself immediately give clear proof of abnormal capacity. 

Intravenous Urography finds one of its most useful spheres in the 
demonstration of hydroneplu'osis. The back pressure, always present in the^;v 
eases promotes coiqplete filling, and in unilateral cases the other Ivichiey affi ’ ' ’ 
a normal standard against which to judge the .diseased organ. .The * 
venous method also gives a fairly accurate .indication of the function c 
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affected kidney. TJie X-ray appearances are xiaually quite definite, especially 
in a iinilateial case (Fig, 305). 

IJ early, the affected kidney secretes the dnig-iaden urine only slightly more 
slowly than the normal one, but if a suitable series of radiograms be taken in the 
first ten minutes after the injection a slight lag can be made out. TJie drug is 
slo^\er in appearing, and the contrast poorer. At the same time the more 



faintly contrasted calyces and pelvis are seen to be rather larger. This particu- 
larlj’ applies to the calycal necks, which are so commonly contracted dorvn to a 
narrow channel in the normal, but remain wkle in the hydronephrotic kidney. 
In otljer words, their normal peristaltic contractility is in abeyance. These two 
features, then — slight ililatation and lag in secretion — present in the early 
Iiydronepbrosis, become more marked in the advanced case, while tlie third 
change, lack of contrast, becomes prominent. 
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In the advanced hydronephrosis of the pelvic type the lag in secretion may he 
quite slight, and the calyces early he seen in good contrast. This is because the 
Icidnej'- siibstance is not grossly damaged. The dilated pelvis, however, already 
contains a considerable quantity of urine, and so it may he some time— up to 
tv^enty to thii'ty minutes — before the concentration of the drug is high enougli 
in the saccular pelvis to tlirow a dense shadow. Frequently all that i.s seen 
is a large, rather faint shadow, through which ma3'' be seen the densety 
filled catyces, the drug-containing mine in them being undiluted. In gross 



Fig. 365, — Calvcal hy(konephro.sis, .showing the • characteristic “tulip” appearance 

(intravenous urogram). ■ * . - . 

cases the intravenous method fails entirely and the instrumental procedure 
is indicated. ■ • . ' ■ • . v. . , > - • 

In tli€ renal type of advanced hydronephrosis xathec a, different appearance 
is seen vdth intravenous urograph5^ As the renal tissue is.pk^ialiy destroj^ed, . 
secretion of the drug is poor and consequent^ the .density of the shadow 
also. ‘The most marked feature is, however, the lag in' the secretion. In 
a developed case of double hydroneplmosis and hydroureter the best shadow 
maji not be seen for as long as three to four, hours (Fig. 3 G 6 ). In cases, there- 
fore, where hj-dronephrosis of this t3’pe.is suspected on chhicai tyouhds and 
no shadow appears in the first hour, it is as.well to Te-examine the patient at' 
subsequent hours, in the hope of finding a shadow later^ As a rule; however 
the lag is of such a degree as to cause the optimum concentration to appear a’ ’' 
a half to one hour after the injtytiori, ’ 
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Willie the intravenous metliod tlierefore does not give n pyclograpliic shadow 
equal in density to tlie transvesical, it very frequently shon s enougJi accurately 



Fio 366 — Uroaeleclan B «iogtam. 60 nunoles after jnjection, showing Ijilateral h> iltonephro^is 
anil livdroureter m a case of fibrous onfargement of the prostate 


to indicate the morbid anatomy, and in addition affords such valuable evidence 
regarding function as to malce it the method of first choice in this condition, tlie 
instrumental method being reserved for those in which the intravenous faiis. 
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It must be added that tliere are some cases hi iviiicli both methods of pye- 
lograiihy fail to demonstrate the renal distension, e.g. the first or “ systolic '* 
stage of renal sjunpathicotonus {q.v.). 

URINARY CALCULUS 

Calculus is the commonest condition for which X-ray examination of the 
urinary tract is requested. The radiogram fonns much the most important 
piece of e\ddence in the diagnosis of that abnormality. 

.^Etiology. — calculus is a jirogressive conglomeration of crystalloid 
bodies bound together bj'’ a cement substance. The former are precipitated out 
of the urine ; the latter, hi wJiich they reach saturation b}^ adsorption, is 
provided bj^ the jilasma in the form of an irreversible colloid (such as fibrin). 
Bacterial infection commonly produces a miclms of colloid, v Inch is infiltrated 
by crystals ; where infection has resulted in urinary alkalisation, simple 
chemical jirecipitation of triple phosiihates occurs without the hitervention of a 
colloid fi?aineworh, and the calculi are of a much looser amorphous texture. 

Chemical Composition. — ^The radiographic demonstration of a calculus 
depends on its opacitj'- to X-rays. This in turn depends, apart from the size 
and i)orosity of the stone, primarilj’' on its chemical constitution ; more pre- 
cisely, on the atomic number of the elements composing it. The form of the 
chemical combination of these elements is of no importance in this respect. 
The higher the atomic number, the gi'eater the opacity of the element to 
X-ra3’s. 

Below is a list of some of the relevant atomic numbers, together with those 
used in contrast media, etc. : 


H. 

1 

Mg. 12 

Br. 

35 

C. 

6 

P. 15 

Ag. 

47 

N. 

7 

S. 10 

I. 

53 

0. 

8 

K. 19 

Ba. 

56 

Na. 

9 

Ca. 20 

Pb. 

83 


Tiie main bulk of the tissues of the body, excluding bone, is composed 
chiefly' of hj'di’ogen, oxygen, nitrogen, and carbon, with an ojiacitj" to X-rays 
ecpial aijproximatety to that of Avater. A bod}?^ in the tissues, such as bone ox- 
calculus, containing calcium, phosixhorus, magnesium, or sodium in anj^ quan- 
tity, Avill cast a shadow in a radiogram. 

Di’inary^ calculi are rarety formed of a single salt. As a rule a nucleus is 
ixresent, surrounded bji- laminaa of varydng composition. 

The nucleus usuallj-^ consists of ammonium urates in infants, uric acid in 
A'oxmg adults, and calcium oxalate in calculi commencing after the age of 40. 

The superadded laminae maj’- be composed of the folloAving : uric acid 
ammonium and sodium urate, -calcium oxalate, calcium ixhosphate, calcium’ 
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carbonate, ammonium and magnesium phosphate, cystin, xanthm, indij 
blood. Calcium oxalate is the most frequent component, accounting for neai 
half ; uric acid is the next. 


VARIETIES OF CALCULI 

Calcium Oxalate Calculi. — The.se are usually single, and rarely attain 
size larger than a filbert They have a mullierry or sometimes finely spiculi 
outline. They may be laminated. They cast the densest shadow of all t 
calculi, because ot the large amount of calcium they contain. 

Pbosphatic Calculi, either calcium phosphate, or more commonly tri] 
phosphate of calcium, ammonium, and magnesium, are usually secomlar 
i.e. are superimposed on a nuclear stone in mfected alkaline or ammoniai 
urine. This applies particularly to the triple phosphate type. They tend 
grow quiclcly, and often attain a great size. They tj-pically assume a dendri 
or coralliform shape, forming a cast of the renal cavity. TJiis cast may be 
one or several faceted pieces. Lamellation is common, and the radiograp] 
sliadow ia usually very dense. 

Urate Calculi. — These are usuallj a mixture of one or more of the follonir 
ammonium, sodium, calcium, and magne.sium urate. The stones are tisua 
small, rounded, and smooth. They occur particularly in children. T 
shadow cast by tliem is of a moderate or feeble density. Lamellation is conimc 

Calcium Carbonate Calculi. — ^These seldom occur in the pure state. M( 
commonly calcium carbonate is present in the laj’ers of a triple phosphate stoi 
When'.jiure, they east a very dense shadow {cf. calcareous glands). 

Uric Acid Calculus is a rare type, but an important one- as, if it is iiure, 
casts no shadow. As a rule, however, it is mixed with urates, and then sho 
some opacity in a radiogram. These calculi are often laminated. Theydon 
attain a large size. 

Cystin, Xanthin, and Indigo ate extremely uncommon types of rccurre 
calculi. If pure, they cast no shadow. If mixed, the opacity they cause 
due to the calcium they contain (and sulphur in tiie case of cystin), and th 
usually contain so little that only a veiy faint opacity is visible in a radiograi 

Tiie percentage of radiographically invisible calculi lias been various 
estimated at from 10 to 20 per cent. This figure varies somewhat, accordu 
to the degree of perfection of technique. 


SITUATION AND NUMBER OF CALCULI 
Situation. — A single renal calculus may occupy a position in tlie pelv 
calyce.s, or parenchyma. The pelvis is much the commonest site. T. 
parenchjTnatous situation is relatively rare, and a calculus there is general 
simiptomless and only accidentally discovered. 
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■\Vhen m-ultiple pliospliatic stones are present, some frequent!}’- occupy 
the .calyces. ■ 

Number. — Calculi, especially the phosphatic, are frequ -.ivtly multiple, and 
in 20 per cent, of cases bilateral. 


. RADIOGRAPHIC DIAGNOSIS OF RENAL CALCULUS 

This is concerned with these questions : 

(a) If a shadow is present, is it intra- or extrarenal ? 

(b) If it is intrarenal, is it due to a calculus ? 

(c) If no shadow is e^’ident, is an invisible calculus present ? 

. The e\’idenee is — 

A. Intrinsic Characters 

• TJiere are certain characteristics which if present indicate a shadow to 
■be cast by, a renal calculus. Some pf these, such as coraUiform shape, are 



Fig. 367. — Small stone in the lower calyx of the left Iddney. 


pathognomonic ; others are less definite. The characteristics niay be' 
classed as follows (Figs. 367-369) ; , 

(1) Site of the Opacity. — It must be within the renal-pelvic outline in 
each plane. The renal outline is usually clearly visible ; not so the pelvic,, and 
its jiosition must be estimated by that of the kidney hilum. , . . 

In the latera,! view the renal outline cannot be made out, -Init the.shado-uypj 
, a renal calculus shov/s through that of the lumbar spine. ; ■■ ■ ■/ 
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(2) Thr Sii 4PE OFUtR OPAcm*. — ^Thia varies according to the type of stone. 
The oxalate calculi are mulberry or rounded, as are the uratic stones. Tlie 
phosphatic are angular or coialUfonn. 

(3) Tiin Texture of the OPAcm’. — The texture is either lioraogcneous or 



Fro .16* — (.’orollirorm cnituli m botli kjdtw^ 



Fro 300 — Huge right renal calculi, and inonv imal! taUcal ones 

laminated. Stippling of the ahatlow, so typical of a calcified gland, is rarely 
seen in a calculus. 

(4) Tre MoiT^tENTS OF THE SiiADOw — Tlio shadoiv sliould sliou’ the same 
respiratory’ shift as the kidney. This is an uncertain sign, and, so much more 
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certain are other available methods of diagnosis is rai’ely if ever woi'th the 
trouble of estimating it. 

B. Urographic Characters 

If the plain radiogram fails to give unequivocal evidence, either intravenous 
or mstrumental m’ogi'aphy v'dl settle tlie problem (Figs. 370-373). Wlien 
calyces or renal j)elvis are outlined, their relationship to the doubtful shadow 
is clear. The contrast medium, if of feeble densit}^ envelops the shadow, 
which can still be seen. iMore commonly the shadow is simply blotted out 
b^^ the medium. If doubt still exists after an antero-posterior pyelogram, a 
lateral view vill finally settle the site of the shadow. This nearly always also 
settles the came of the shadow, as the causes, other than calculus, of a dense 
intrarenal opacity are very fev^ — calcified tubercle, calcified neoplasm, and 
possibly teratoma.^ 

The thu’d diagnostic question — is there an invisible calculus jnesent ? — 
can rarely be settled by radiology excejjt in the unusual case where a ti’ans- 
parent stone causes a negative ’’ shadow. Even then it may be impossible 
to differentiate it from a neoplastic filling-defect. This uncertainty does not, 
however, occur in cases of in\isible obstructive calculus in the meter, in which 
tlie hold-up or hold-down of the contrast mediu^n constitutes a rehable sign. 

DIFFERENTIAL DIAGNOSIS OF RENAL CALCULUS 

A large number of structm’es other than calculi can cast a shadow m or near 
the renal area. Most of these have characteristics which enable them to be 
distinguished. 

Calcified Lymphatic Glands. — These form tlie commonest source of possible 
error in diagnosis. Such a mistake should seldom be made. The shadow of a 
calcified gland is tyxjically mottled and granular ; its texture is not uniform, 
and its outline is woolly and iiTegular. The collection of granules forming the 
shadow are usually romided. If the calcified glands are in the mesentery, 
they usually show mobility,* and do not remaui constant in site m a series of 
radiograms. In all doubtful cases, px-^elograifiiy settles the issue. 

Cholelithiasis. — Calcified gall-stones cast a shadow in the right renal region 
m an antero-i)osterior radiogram. The ringed shadows of ihultiple stones 
cause no difficulty. The calcified “■ solitaire ’’ may. The lateral mew, p 3 'e- 
lography, and cholecj'^stographj’' are the methods bj"- which to differentiate 
the two, in that order of adoption ’(Fig. 373). 

Pancreatic Calculi. — ^These are very' rare. A smgle one may closely simulate 
a renal calculus, but several are usually' present, scattered throughout the gland, 

^ Itroginpliv afloKis striking evidrnco at times that not only is calculus pte-jont, but also that., 
calculus IS not the primary disease, and that stone is pccondaiy to obstiuction. Tlio clearest** 
indication Ls given, therefore, that removal of the stone or stones would be merely synipt. ■ " 
treatment, and that relief of obstmetion is An essential in thei-npy. 

x-u. 1 — 35 
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when their distribution difierentiates them from renal calculi. If suspected, 
their relationship to the duodenum may be shown by a barium meal. Pye- 
lography serves to differentiate them from renal calcnli, vmless their shadow 
coincides with that of the renal pehns. In that case oblique or parallactic 
views are necessary. 

Calcified Costal Cartilages. — These commonly cast a shadow in the leiial 
areas in a radiogram of the urinarj' tract. The shadows are dense and granular, 
and frequently outline completely or jncompletely the lower costal cartilages 
anteriorly Widespread calcifications leave no room for doubt as to their 



Fic 370 — Hound utonu «i the lower c*lw of ttw left kidixej., prQ\ed by aicemling 
pjelographj . which blots out the stone, and shows a Jiiilil degree of hjclronephro-us 


nature. Even m the cases wlieie tliese ate only one ot two localised areas 
involved, the long axas of the shadow, corresponding to that of the cartilage 
and the shift in position m angled views differentiate them from urinarj' calculi. 

The Tips of the Transverse Processes of the upper lumbar vertebra are 
nonnally much denser in a radiogram than the remainder. This disparity is 
frequentJj’ verj’ marked, and in radiograms which fall short of the highest 
standard only the tip maj’ be visible. In such case it might be mistaken for a 
calculus in the renal jielvis or, more probably, in the ureter. 
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In^stinal , Contents. — Enteroliths are alwaj's quoted in this respect, but 
elr enter into the question practically. Much commoner and more impor- 
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uat\iie. Occasionally gas in the colon is so disiK)«ed as to cast a negative ring 
shadow round a centre of normal transluccncy. Tiie latter may then, by 
contrast, be mistaken for a calculus. In both the above re-examination after 
fuither pieparation settles the issue. 

Tuberculous Calcification in the Kidney, Atheromatous Vessels, and 
Warty Na;vi on the Bach are rare i^uses of confusion, but arc usually easily 



F;c. 373 — Gall stones (-♦•) and stones m tho nglit Icitinej, diflerenljafed bv intravenous 
urography 

differentiated, the first two by their respective mottled and striated shadows, 
and the last by inspection of the skin. 

Calcification of the Adrenal Gland may result from tuberculosis. It causes 
nn irregular striated shadow, which may outline the adrenal body more or less 
completely, lying close to the body of the twelfth dorsal or first lumbar 
vertebra Its relation tothcupperpoleof the kidney is a further distinguishing 
feature. 


CHAPTER XL 


THE URETER.S 

The Ureters, liJie the kidneys, jjresent many variations in their anatomical 
relationslhps, and in their xadiogi-aphic aiJpearances. 

The uretei'al line is described as follows : It commences at the pelvi-uxeteral 
junction neai' the tip of the transverse process of the second lumbar vertebra, 
and proceeds vertically downwards, taldng the tips oLthe succeeding lumbar 
transverse processes as its course. Reaching the ba.sin of the pelvis, it inclines 
inwards somewhat, and ija'sses dorvn just medial to the sacro-iliac joint. At 
the lower margin of that joint, it sweeps outwards and follows a curve about an 
inch inside the true brim of the jielvis, to end in the trigone of the bladder. The 
above description is the classical one, based on the radiogi-aphic appearance 
after opaque catheterisation. Intravenous urogi-aphy -has shown what a 
marked rectification of the ui'eteral line Is produced b}' the ureteral catheter, 
how much the ureter normally bends and wanders in its course from kidney to 
bladder, and what little significance is to be attached to such bends, windings, 
and kinks in ihe absence of the signs of ureteral obstruction. 

The Ureteral Calibre. — In order to assess the importance of an,Y narrowing 
or dilatation in the ureter, due consideration must be given to the normal 
f ureteral calibre, and to anatomical and phy.siological variations. 

There are described in the xireter four points of anatomical and physiological 
constriction, w’ith three intermediate enlargements or “ spindles.’* The 
naiTovings are at the uretero-pelvic junction, at the level of the pehnc brim, 
an inch or so short of the bladder, and' finally in the intramural portion 
(Pig. 374). Of the spindles, the himbar is the longest and most pronounced 
and the final one often absent. The average normal measurements of 
the ureteral calibre are : uretero-pelvic jmiction 3 mm., lumbar spindle 
8 mm., lumbo-sacral sphincter 4 mm., pelvic spindle 6 mm., and pehnc 
sphincter 2 mm. 

There is also considerable variation in the i-esponse of the ureter to instru- 
mentation ; in some cases the ureter may be spastic on catheterisation, and in 
others it may remain lax and of wide patenc3^ 

The Ureteral Course is also subject to much variation. Tortuosity is often 
quite a feature. It is of no practical importance, ^as the transference of urine 
from kidney to bladder is a peristaltic act. If the tortuosity be marked, it 
may mdicate descent of the kidney. A mild degree of tortuosity is inevitable 
on forced inspiration. 

Kinking is also often seen. This may be apparent or real. It is more 
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often only apjjarent, the 
result of a tortuous bend 
in the ureter being seen 
ei\d on in the radiogram. 

The above variations 
occur clnefly in the upjier 
spindle, and depend on 
the position of tlio kidney, 
the amount of retroperi- 
toneal fat, the formation 
of the perirenal fascia 
and of the ureteral fascial 
sheath. 

TJic anatomy of the 
ureter is best demon- 
strated radiographically 
by instrumental pyelo- 
graphy. Rectification of 
the ureteral line hy the 
catiietcr can be avoided 
by gradual nithdraual of 
the catheter during the 
injection, till only an inch 
or so remavna in the 
ureter when the exposure 
IS made 

The functional act- 
ivity of the ureter can he 
studied in serial intra- 
venous urography. By 
this means the upper and 
middle spindles arc 
usually visihle at some stage. The upper spindle tends to act as a temporary 
reservoir for urine until enough has collected in it to .stimulate a peristaltic vave. 
The constriction at the pelvic brim commonly results in a section of the ureter 
in this zone not being visualised, nliilstabo'e and belou it the upper and middle 
spindles are clearly outlined 

DEVELOPMENTAL ABNORMALITIES 
Double Ureter, Partial or Complete, is much the commonest developmental 
error found in the ureter. It is of great importance that this condition siiould 
not remain undetected during mstrumental pyelography, by catheterisation of 
only one half of the double .system. All stages of bifid ureter, from a bifid renal 
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“ nejihritis dolorosa hsoinorrliagica,” or “ nejihralgia are commonly made 
(vide neuromuscular meclianism of the kidney). 

If the obstruction becomes complete, the kidney Joses it.s function and it is 
impossible to demonstrate the condition by intravenous pyelography. The 
instrumental method n-ill show the lower limit of the atresia. 

The causes of meteral obstruction are many. Some of tliese are demon- 
strable radiograjihically. 

(a) Impacted Stone. 

(h) StxictuTe of the Ureter. — This usually results from previous gross 
damage, such as impacted stone, pyelo-ureteritis, or tuberculous ulceration It 
is said to occur in rare cases without previous trauma. Radiographically the 
dilated ureter is seen to narrow to a point at the site of the stricture. 

It is of importance to differentiate between organic stricture and uretero- 
spasm. The latter condition is described m the section on tlie neuromuscular 
mechanism : also the use of pituitrin and quinine in tUfferentiating the twxi. 

(c) Obstruction from an Aberrant Artery. — In this the obstruction, is high 
up, close to the pelvi-iireteric junction, and the ureteral angulation is abrupt. 
The artery may actually cross the lower part of the renal jielvis, 

(d) Kinking of the Ureter, from Mobile Kidney. — This is the classio explana- 
tion of Dietl’s crises, but probably occurs much Jess commonly than was 
previously supposed. Most of these cases show no pelvic obstruction and are 
due to torsion of the neurovascular renal pedicle. TJiey should be studied by 
the intravenous method. No significance should be attached to the appear- 
ance of & ureteral kink, if there is no sign of dilatation above. In such a 
case the supposed kink is probably an anatomical bend in the ureter seen end 
on. In the true kink which is causing intermittent obstruction there sliould be 
evident a hydroureter above, an acute angulation of the ureter, and a filling- 
defect at tlic point of angulation. 

(e) Adherent Calcified Gland. — This is an occasional cause of ureteral 
obstruction. The retroperitoneal lymphatic glands may he in close relation- 
ship to the ureter, separated only by the fascia transvensalis, which foims a 
sheath for the kidney and ureter. Before a gland can implicate the ureter, 
however, the sheath must be implicated, and this makes ureteral obstruction 
from this cause a rarity. 


URETERAL CALCULUS 

In the main, ureteral calculi are formed in the kidney. An exception is the 
alleged tyqie wliich develops di noco m a dilated ureter immediately above a 
stricture. Therefore the varieties found are eunilar to those found in the 
kidney, with the limitation in size imposed by the ureteral lumen. 

A.S in the case of renal calculus, two questions may pre.sent themselves : 

(а) If a shadow is visible, is it due to a calculus f 

(б) If no .shadow is risible, is an “invisible calculus ” present ? 
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In the case w here a shadow is piescut, a positive diagnosis may often be 
made with fair confidence on the intrutsic appearance of the opacity, but cer- 
tainty can often be attained only by demonstrating its spatial coincidence v ith 
tJie ureteral lumen. 

A. Intrinsic Characters of Visible Ureteral Calculi 

Ureteral calculi, if recently descended from the kidney, may be round, 
oval, or angular, and the aiuface may be wiiooth or crenated. Lamination is 
occasionally visible. 

If the calculus has been impacterl for some time in the meter, it tends to 
become more oval, and if its sojourn there lias been protracted, it may become 
considerabl}* elongated in shape. The long axis of the stone is alivaya in that 
of the ureter (Figs. 376-31f>). If a number of calculi arc present, they may 
shon a rosary effect in tiio line of the duct, a rare but characteristic appearance. 

B. Differential Diagnosis of Visible Ureteral Calculus 

Numerous radio-opacities may confuse the issue, ns in the case of renal 
calculus. 

CALOAREOtrs LmtnuTic Glands arc the commonest, so far as the upper 
ureter is concerned. The mesenteric glands, the ileocolic, the lumbar, and the 
prosacral may all cast a confusing shadow. Their ch.'iracteristica Jiave already 
been described in the section on renal cailculus. 

PiiLEBOLiTifS in the pelvic veins arc often a cause of difficulty. They are 
present in a large percentage of individuals — 33 jier cent, acconling to KthUr. 
They are rounded, clear-cut in outline, homogeneous in te.xture, and frequently 
multiiile. If multiple, they are, as a rule, bilateral and grouped in the region 
of the lower part of the ureter, on cither side of tlie vesical neck. Jl/tdliple 
phlebohih'i are usually recognisable aa such from their distribution, which 
clearly shows they cannot all be in the ureter the chief danger in the inter- 
pietation of these shadows is to fail to recognise a small ureteric calculus m a 
gioup of phloboliths. The solilartj phUboltth in the line of the ureter iirovidcs a 
problem which is frequently msohible without urography, so closely may it 
simulate a calculus. 

The method of Ziegler may help to differentiate between a calculus in the 
lowest part of the ureter and a plilebolitii. This consists of a double o.xposure 
on one film, the bladder being filled between them. A calculus is displaced 
upwards b}' this iirocedure ; a phlebolith is not. Contrast iirograph}’, 
however, affonls much more accurate information, and 2ieglei’s method is 
rarely warranted. 

Otiif.r Conditions. — There ate numerous other ahadowa which may rarely 
simulate a ureteral calculus. The tips of the lumbar transverse processes 
hare already been mentioned Otliers are calcareous arteries, calcified 
ascro-sciatic ligament, calcified fibroids, concretions in the vermiform appendix 
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Fio. 3S0. — Stone impacted in the lower part of tlie right ureter, producing reflex anuria 
in the right kidney. Intravenous urography five minutes after injection. ' 

would show a greater shift, being nearer to the source of irradiation than 
the ureteral catheter. 

The method of Pozzi and Proust consists in' disidacnig the stone upwards 
the opaque catheter, between two successive radiographic exposures. It is 
not applicable to imi^acted stones. 
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WJiile the above measures are aTOilable in difficult ca«ies, straightforward 
urograplij' in one plane is concliisire in tlie vast majority of eases. 

The Invisible Ureteral Calculus. — Thwfoimsa problem only less difficult than 
its equivalent in the kidney. It is estimated that in about 20 per cent, of 
cases a ureteral calculus is transparent. The exact proportion depends on the 
quality of the radiograms and on the thoroughness of the clinical diagnosis ; 
antagonistic factors, be it noted, which account for considerable variation in the 
fnibhslicd figures. The racliogrnpluc demonstration dejiends on uhetlier there 
IS any obstruction to the medium — intrat'ciious or retrograde — caused by the 
stone (Fig. 380), and on the detection of a filling-defect in the instrumental 
ureterogram. The intravonou.s mctliod shows only the stasi.s abo%'e in these 



Fio .1S1 — Invisible '' cnlculu^ m Ibo lo\reri>art of the riglit ureter, eausing obstriK tion to 
the catheter and injected opaque nieihuni 

cases ; thefillmg-defectisiiotusuallyesndent. According to il/c.d?pi«e, iiirare 
case.s the stone may become impregnated by tlie injection, and so cause a half- 
shadow u hen the injection is in situ, and a faint opacity after evacuation. 

Acute Impaction of a Ureteral Stone.— WJien a stone becomes suddenly 
impacted in a ureter — i.e. during the stage of acute renal colic — the ureter is 
spastic, and acute urinarj' stasis occurs in the kidney. Ilelmer, quoted by 
Graham Uodgson, has pointed out that intravenous injection of Uroselectan B. 
may produce a dense homogeneous opacity of the -whole kidnej’ in about five 
minutes. The opaque drug is dammed back in the renal corte.v, and the calyces 
and renal pelvis are outlined in negative relief. This does not alwav-s occur, 
as in Fig. 380, where anuria resulted without opacity of the kidney. 
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URETEROCCELE 

{Si/n. c\'stic dilatation of tiie lower end of the ureter. intrave.sical ureteral cyst.) 

Tliis consist.? of an intravesical cystic dilatation of the terminal portion of 
the ureteral mucosa, forming an inner la3'er. an outer (vesical) laj'er of vesical 
mucosa, and a varjing amount of muscular and alveolar tissue between. 
The ureteral ostium is nan-owed in some cases, and in others it is noi-mal. 

The aetiology is imknomi. It is held bj* some to be the result of congenital 
malfonnation of the orifice. Acquired obstruction, ureteral aton^'. and 
congenital weakness of Waldej'er’s sheath have all been mentioned as patho- 
genetic factoi-s. It oeciu-s equally in both sexes and at aU ages. Calculus 
formation commonly'^ occurs in the ureteroccele, but this is held to be 
a result and not a cause of the condition. Usualh' the diagnosis is cleai- on 
C3’'stoscop\\ but the condition nuu- also be demonstrated b\' intravenous or 
retrograde urograplu’. 

Radiographic Features. — These var^-, according to v-hetiier there is a cal- 
culus in the sac or not. , 

A. UnETicROCffiLi: coxTAXsixa a Calcvlus. — In a plain radiognna the 
calculus is visible at the region of the ureteric orifice and is fixed in that position. 
On filling the bladder per iirethram Avith an opaque .solution, the <’alculus is 
.seen to be intravesical- in all views ; i.e. it is not in a diverticulum. Sepaiating 
the calculus from the opacpie fluid is a translucent halo cast b^* the Avail of 
the ureteroccele. With mtravenons urography the Imver ui-eter becomes 
visible. It is irsuall^" dilated, and combined Avith the bulbous intraA’esical 
termination fonns the snake ” ureteric .s-hadoAV ; so-called from it"; re<:em- 
blance to a cobra. 

. B. URDTEROCacrm kot coxtaixjxg a C.^-eoiilus. — The instnnnental 
cystogram reA'cals a rounded filling-defect corresponding in size, shape, and 
jjosition to tiie CA’stic swelling. The appearance AA-ith infravenovs urography 
depends on the stage of the examination. At first, before the bladder has 
filled, the cobra ureter will be in evidence. Later, Avhen the bladder i.s suffi- 
cienth’" distended Avith Uroselectau-laden urine, the ojiacfue cyst is demarcated 
from the filled bladder bj’ a halo, as described aboA-e. but without the added 
den.sity of the calculus (Fig. 38S). Finall 3 \ after CAvacuation of the bladder, 
the cobra ureter ma3’^ again be Ausible if the stenosis of the ostium i.s enough to 
dam back the renal secretion. 

Associated Av-ith the ureteroccele there maA' be present some degree of 
In'droneplu-osis and h3'droureter, and it is not xmusual to find some congenital 
abnormalitA^ of the upper tract, .such as bifid or double lddne 3 ''', and double 
ureter. This last lends some colour to the congenital theory of causation of 
the condition. 

Cases liaA'^e recently- been recorded. AAdth full deserij)tions of the radiological 
features, bx* Rohan Williams, Lenh and Aherlmid. 
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DIVERTICULUM OF THE URETER 

TJiis is an extremelj* rare conclitioo. Joseph lias described t\\ o ca‘>es, both 
arising from the lower end of the wreter, immediatelyabore the iiiteistitial 
portion. They ai-e demonstrable by mstmmental pyelogiaphy. 

TUMOURS OF THE URETER 

Carcinoma and papilloma are rare, and occur more often in tlic lower part 



FiO 382 — Left uretcroeteJe sbemn intravenous urogiaphy The lower uioter is dilated, and 
the wall of Ibc uieteroctele a vibibSe as a clear ring in the v eiical shadciw 

of the ureter. They may show' a filling-defect in the ureterogram, but more 
commonly only a hydronephrosis or hydroureter is demonstrable. 

TRANSPLANTATION OF THE URETERS 
Grey Turner and J. 11. Saint have pubbshed an account of the pyelo- 
graphic appearances m six cases of transplantation of the ureters. The opera- 
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tions were performed for epispadias -watlx incontinence in tliree cases, for 
ectopia vesicte in two, and for jiost-partum vesico-vaginai fistida in one. 
Uroselectan R. urography was used in all. 

The investigation showed that some deg'ee of liydronephrosis and I^'dro- 
ureter is a eoninion sequela of this operation. Only one ineter and four kidneys 
in the tv'elve were normal in appearance. Five of the ureters shovnd marked 
dilatation. G-rey Tvrner and Saint cojxsider that stenosis of the ureter at the 
])oint of transplantation is the major causative factor in the production of this 
dilatation, and that infection and kinking of the ureter where it enters the 
bowel may contribute to its production. Impaired renal function, shown b}’- 
l)oor and delayed excretion of the drug, occurred pari pas'^a v/ith the dilatation. 
In no ease, however, was the blood urea found to be higher than 48 mg. per 
100 c.c. This, and the good general health of the patients rexdewed, indicate 
that an}’’ ascending infection which occurred in them must lia,ve been mild 
in degree. 

Storage of Urine. — Tlic urography in these six cases shon ed that the rectum 
and colon both act as a urinary reservoir. In one case the drug-laden urine 
filled the colon as far back as the csecura. six hours after the injection. This 
storage function exixlains how it is that these patients can retain urine for such 
long intervals. 



CHAPTER XLI 

THE BLADBER, PROSTATE, URETHRA, AND SEMINAL VESICLES 


The PEiNcrPAL value of X-ray examination of the bladder is in the detection of 
Aesical calculus. In some other cases, such as diverticulum or neoplasm, 
radiography may usefully supplement other means of diagnosis, but cystoscopy 
gives such accurate visual evidence of the condition of the bladder tJiat vhere 



it can be used, a cysto- 
gram becomes more of 
an academic demonstra- 
tion than a diagnostic 
necessity. If for any 
rciison cystoscopy is 
impossible or ■undesir- 
able, cysfograpliy . be- 
comes of much greater 
importance, as the lesion 
uhich precludes the tise 
of a cystoscojve may 
allou' the pa.ssnge of a 
catheter, andifneitlieris 
permissible, intraven- 
ous, subcutaneous, or 
oral cystography is 
available. ' 

The radiological 
methods available are 
plain and stereoscopic 


Fic 383 — A norioal Uro^elccton B intra\enoun cy^togram radiography in the 


antero-posterior, pos- 

tero-anterior, and right and left oblique positions, radiography before and 
after emptj’ing the bladder, and the various forms of cystography. TJie details 
of these Lave already been descnbcd, anri tiieir specific applications are 
indicated under the headings of the appropriate diseases. 


NORMAL APPEARANCES 

The outline of the upper t\to-thitds of the bladder, if distended, canbeseenin 
almost every case, in aradiogramofsatisfactorj' quality. This is of value in orient- 
ating vesical calculi, but gh-ea no indication of other diseases of the bladder. 
562 
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Li the normal antero-posterior the neck of thebladder lies just below 
the upper border of the sym25li3'sis pubis, and the fundus lises to a variable 
position above the S3miph57sis, depending on the degi-ee of distension ; an 
average is 1| to 3 inches. The appearance in intravenous c,vstograi?lu" has 
already been described (jFig. 383). Those of instrumental cystograms are 
similar, except that the densit}’’ of the shadow is usually givater, and the 
bladder is usuall}'^ distended to its globular form. 

DIVERTICULA AND SACCULES OF THE BLADDER 
Diverticula of the bladder are comjjosed of jjouehes of vesical mucosa 
surroimded bj;- fibrous tissue, fat, and occasional!}’ some non-striped muscle. 
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Calculi may develop in both tj-pcs, «itli orwithoiit stones in the bladder — 
according to Crenslmo and Crompton in 12 per cent, of cases (Figs. 38.5-38(3). 

Radiographic Features. — These are evident from the abo%e account of the 
pathology of the condition. That cystography alone may not detect a small 
diverticulum require.s empimsia. For the full investigation of this condition 
both cystoscopy and radiogmjiliy are essential and com])lcmentary Cystos- 
copy sliows tlie orifice, and so the site, of a diverticulum, but can only hint at 
its size and contents. Cj'stography demonstrates its size, and jilain radio- 
graphy a stone in its lumen. An csbcntial step in the examination is to take a 
further radiogram after emptying the bladder of its opaque contents, to demon- 
strate the presence or absence of stasis In the diverticulum. 

Thus only cystoscopy combined with multi-plane cystography will give the 
full information necessary to determine the appropriate treatment. 

TUMOURS OF THE BLADDER 

Radiographic evambiation is of value when cy8to.scopy is impossible, as it 
sometimes is. If cystoscopy can be I'erfonned. the inlormation given by it is 
so accurate compared with cystography as to make the latter of little account. 
The tumours commonly cncoxmtercd are villous papilloma and carcinoma 

Villous Papillomata may lie sessile or pedunculated, and vary in size from a 
pea to a tangerine orange. They are single in CO per cent, of cases, and are 
usually situated towaids the base of the bladder, just above the trigone. 
If large, they may be seen in a evstogrom The intravenous oystogrnni, by 
reason of its lesser density, is more likely to reveal a filling-defect caused by tlie 
tumour mass Aivtwo-iiostcrior and oblupie views should be taken, in order to 
obtain a profile view of the growth, if possible The defect tends to have a wavy 
irregular margin, and the vesical capacity is not reduced, but evacuation may 
be incomplete if the tumour is near cnougli to the urethral orifice to act 
as a valve. 

Carcinoma of the Bladder, apart from malignant degeneration of a villous 
papilloma, occius ui two radiographic tyjies. nodular and infiltrating. In the 
nodular type the growth forms sessile cvcreacences, or smooth, proj'ecting 
into the lumen of the bladder and giving nse to filling-defects in a cystograni 
(Figs. 387-388) These filling-defects tend to proj'ect less deeply into the 
lumen than do the papillomatous type, but often radiographic differentiation 
between tlie two is impossible 

The infiltrating type of carcinoma encroaches still Jess, but tends to 
contract the bladder wall. 

In these tumours, as in the painllomata, intravenous cystogiapby is more 
Ratj'sfactory than instrumental By that method tlie involvement or other- 
wise of the ureter can often be demonstrated in a way impo.ssibIe Avith the 
retrograde method. 

A not uncommon occurrence is encrustation of a malignant vesical tumour. 




ones iu vesical cUvorticuluni. 
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Such deposits are risible in a plain radiog,-a,n, and are significant inasmuch as 

they almost never occur 1.1 simple tumoms papilloma 

The foUo%dng table summanses the c>stogia]i]iic xcau i 

and carcinoma : 


Ye'iical capacity 
VesiC-al outline . 
Filling-clelcct . 

Vesical evacuation 
Calcium enoru“itation 


Papilloma 

Isonnal 

Xorniol 

Irregular from preooiu 
of matgmal v illi 
Often mcomplcte 
Never 


CfiiL non a 
Dmvfunli'C'i 
Ui'si'.Ut'i 

Iwiyii’at 1 '’.t Cf>nj.e anci 
( > ar I 't 

1 .0 I ' c.mpl'-te 
.'oaif ') 'i 


Tf IV v> wM" hi Mre fton'i a 'Un/ 

Leiomyoma of the Bladder is very rare it - - ^nle-s it 

nodule to a large mass. When sma , i ? I ryieei into or 

involves the ureteric or nretua on , j , {gc^ 3 n a tVbtogi'am, 

distort the bladder, it produce.s a smoo ^ n j, , , .j, nmc'-'^a. 

and cystoscopy shovs the tumour to be co^elcd ..r.. 

herniation of the BLAO}diiR 

' o-nnri ns capable or 

Herniation of the def^ vesical contour 

demonstration by cj^stograiihj , v nci ■ U'cnlui. Cystoccole 

communicating by a narrow f for suJi demonstration 

is similarly clemonstrable, though the necess,l> 

rarely, if ever, arises. 

inflammation of I vesical 

Cystms.-A clue as to Uie cases to whW^ 

shadoiv in cases n-liioh result in j,, » plain radiogram in the 

tion of the miioosa ocoura in cystitis, this is via 

form of tenuous and diffuse motthng. „f the bladder may be a 

Tuberculous Cystilis.-B is said t '»t tuberculosis of 

piimary lesion, but much more coiumoulj 

the kidney or genitalia. Hpnend on the macroscopic patho op’^o 

The oystogi-aphic appearances depend „,to tiny 

inteetion Tubercles form in deep Jraters. Irregular masses of 

ulcers. These coalesce, and may fo m large deep 

granulation tissue occasionally , ^^,^63 contracted, trabee a ‘ 

As the process advances the the disease, tl'oy*“v2cSl 

loculated (Fig. 389). In the earheat eta the 

graphy may shmv no abnorma “f =' “ * i ty intravenous uropaphy. a 

faepilar lobulated outline risks of instrumental cystograp . • 

method u-hich obviates the difficulties and 
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; VESICAL CALCULUS 
^tiology .... ; 

These majMje primarily or secondarily vesical. , 

True primary vesical calculi arise either in aseptic or infected urine, 
b}’- deposition of salts on' a nucleus, which may be a renal calculus, blood- 
clot, or foreign,. body. Thej^ are twenty times as common in meii as in 
women. Infection and stagnation oRthe urine are impoz'tant causative 
factors. Recun-ent calculi in subjects over 50 usually indicate vesical 
obstruction,' a condition Avhich is iwesent in 40 per. cent, of all cases of vesical 
calculus. 


Secondary vesical calculi are merely calculi which have i^assed dohm from the 
kidney.' Usually voided in 
the urine (particiTlarly in 
women), they, nevertheless 
sometimes remain to form, 
the nucleus of a primary 
vesical calculus. True 
secondary calculi form a very . 
small proportion of the total 
— about 1 ill 40. 

Varieties. — The folloiving 
tj^ies are met with ; 

Uric Acid CArcuntrs. — 

This is the commonest vesical 
calculus. It is composed of 
either pure uric acid, in 
which case it is invisible in . 
a radiogram, or ammonium 
and sodium urates, when 
it casts a feeble shadow. 

These calcuh are rounded 
or oval, smooth or finely nodular in contour, and frequently show lamination. 
They may reach a moderate size. . 

PnospnATio Calculus. — ^This is the next commonest, and consists of 
calcium phosphate alone, or ivith ammonium-magnesium phosphate. They 
are soft, of rapid growth, moderately dense in shadow-, and rarely shov^ lamina- 
tion. They form the largest type of stone. . 

Calcium Oxalate . Calculi form the third common, type. They groAv 
.slowly, are very hard, do not reach a large .size, and cast a very, dense shadow, 
which may be “ mulberry ” or spiny in contour. The latter constitutes the 
“ thorn-apple ” calculus (Pigs. 391-392). 

R ar v. Vesical Calculi are calcium carbonate, cystin, xanthin, and 



Fio. 391.- 


-Calcium oxalate stone in the bladder, of the 
“ thorn-apple ” type. ■ 
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indigo. Their degree of transparency has already been disrus<5ed under the 
section of renal calculi. 

Vesical calculi are rarely pure. 

Radiographic Features. — As in the case of vesical diverticula, a combina- 
tion of cystoscopy and radiography may he necessary for the complete diagnosis 
of a stone in or near the bladder. In general, ve.sical calculi tend to lie in or 
near the midline, in the baa fond. If a number are present, some of them 

may occupy a more 
lateral position, but if a 
single stone is seen to lie 
laterally, it may be in a 
diverticulura, a .saccule, 
or the lower end of the 
ureter. This suspicion 
raised, it is a simple 
matter to take another 
radiogram after turning 
the patient on his other 
side and shaking liim in 
the attempt to move the 
stone. Tills procedure 
IS feasible only if the 
patient’s bladder bo full. 
The patient is then 
tiinied gently on to his 
back for tlie second 
radiogram. If the 
Fio. 39i— Calcium oxalate vesioivl calculus, mulbcrrj tvp« tjje 

distended bladder, its position mil have shifted. If it has not moved, the 
matter should be put to further proof by cjstoscojiy and urography. 

In Great Britain vesical calculi rarely dei'elop except m tlie presence of 
other urinary disease. The discovery of a stone in the bladder should there- 
fore, as it is probably secondarj’ to some other condition, lead the investigator 
to search for some further lesion m the kuUieys, bladder, or prostate. 

Ik\'JSIble Calculi are nioie common m tlie bladder than in the kulney. 
They may, if large, be visible as negative shadow's in a cystogram, but this is very 
uncertain compared with cystoscopy, an investigation which is usually decisive 

Differential Diagnosis. — A large number of other pelvic shadows have 
been enumerated 3Iany of them can be dismissed on naming them, others 
require serious consideration in arriving at a conclusion. 

PHLEBOLlTirs. — These Jiave already been considered under tlie section on 
the ureter. The more centrally placed phlelroliths may fall within the 
vesical area. Cystoscopy serves to exclude them. 




Fig. 393. — Three vesical 
calculi and seven phleboliths. 



Fig. 394. — Large vesical 
calculus, and many primary 
prostatie calculi. Numerou.s 
phleboliths are pz-esent on 
each side of the pelvi.s. 


o 
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Prostatic Calcxtli. — Tlie grouping of these and their position boliind 
the shatlo'n' of the ’sjmphysis indicate their natuio as a rule, failing •which 
the prostatic clinical signs, and cystoscopy, if permissible, ufli give further 
diflerentiation. 

Ureteric Caecutj. — ^Those situate in the loiier end fall ivithin the 
vesical limits, and may simulate a calculus in a diverticulum or jiouch. Ureter- 
ography, intravenous or transvesical, and cystoscopy are the appropriate aids 
in diagnosis. 

CorEOUTiis AMD Rectal ScYBALA. — ^Tbeir shadows are ratlier faint and 
iiregular in texture, although they may present a rounded contour lihc a 
calculus. Re-examination after further preparation reveals their nature. 

The Glans Pemis may cast a rounded, surprisingly dense shaclou in the 
vesical area, and simulate a stone This mistake should be avoided by recogni- 
tion in the radiogram of the shadow of .the corpus penis. 

Tile following rarer shadows require but mention . 

CALcrriED Fibromyoiua of the Utero.s.- This gives an irregularly 
striated shadow. 

Dermoids amd Teratomata, containing bone or teeth 

CALClFiCATiOKa in the eacro-.seiatic ligaments, iliac arteries, appendices 
epiploic®, seminal vesicles, ano-coccypeal ligament, in an ectopic pregnancy, 
and in tuberculosis cystitis. 

APPEMDIOtHAn COMCBCTIOXS 

VESICAL FISTULvE 

Of these, the supra-pubic and the vcsieo-vaginal do not require radio- 
graphic venfication. In the vesico-enteric and vesico-colic fistulre the portion 
of theliowelimphcatedmay beshouTi by fdhng the bladder uith sodium iodide 
solution. The passage of the opaque meiliuni into the bowel may' be observed 
fluoroscopically or in a radiogram. Care must betaken not to allow too much of 
the iodide solution to enter the bon el. 

Those fistula; due to dilTicult labour are commonly associated with d-amage 
to the kidney and ureter above. Tliis arises from injury to the periureteric 
cellular tissue, ivith subsequent scarring and ureteric stenosis. TJje resulting 
hydronephrosis, hydioiiieter, and defective renal function can be ucll demon- 
strated by' intravenous urography. 

THE BLADDER IN NEUROLOGICAL LESIONS 

Tlie bladder has a double innervation . sympathetic and sacral autonomic. 
Tlie former is inhibitory to micturition, and tlie latter motor. The role of the 
syTnpatlietic, as shown by the lesuUs of lumbar sympathectomy is crunous, 
in that if the operation is performed for bilateral liydronephrosis and hydro- 
ureter of sympathicotonic origin, a return to the nonnal may be expected. If, 
however, the operation is performed for vascular abnormalities of the lower 
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limbs, the Tesical function being normal, no cliange in the latter results from 
the destruction of its s^nnijathetic innervation. 

Tlie sjanpathetic fibres arise in the ux^per lumbar roots and reach tlie 
pelvic xdexus via the aortic and hyx^ogastric plexuses. TJie sacral paras3an- 
pathetic fibres arise from the sacral roots and pass direct to the pehfic jjlexus. 

Among the lesions of the central nervous system which may cause urinary 
disturbance are tabes dorsalis, myelitis, sxnna bifida occulta, and traumatic 
compression of the cord. 

Tabes Dorsalis. — The bladder is afiected at some stage of this disease in, it 
is said, 80 iDcr cent, of cases. 

Tlie c3'^stoscoxfic apx^earances m the tabetic bladder are often tv^ji cal. Pine 
trabeculation of the bladder is common, with the exception of the trigone, Avhich 
is, if anjfrhing, stretched and smooth. If the internal sphincter is x^arah’-sed, 
the trigone and prostatio uretlua take, a funnel shape. In a later stage the 
whole bladder may become dilated and atonic. The c3’-stogram in the former 
stage ma3'' show the fundal trabeculation, and the funnel-shaped base, and in 
the atonic stage gross dilatation of the vliole oi’gau. The ureters and renal 
pelves may also show atonic cfilatation, and reflux of the cystographic medium 
may fill the uxJiJer urinar3' tract. 

Spina Bifida Occulta. — This is sometimes associated with disturbances of 
the vesical innervation. Chnicallx’’, minary retention or incontinence ma3' 
occur, and may not appear until adult life. 

Two tyx^es of bladder ma3' occur, according to the type of nerve defect : 
( 1 ) A small trabeculated bladder, with a tendenc3' to formation of diverti- 
cula, and ( 2 ) A dilated atonic bladder, vith relaxed internal sx:)hincter and 
frmnel formation at the base. In both t3'x)es there is a tendency to iireteral 
reflux, with develoxjraent of h3’’droneplu'osis and h3>’droureter. The latter 
changes may be ver3^ gross. 

Compression of the Cord and Myelitis. — The t3qfical apx^earajice in these 
conditions is aton3^ of the bladder and ureters, relaxation of the internal 
sphincter, and ureteral reflux. 

Atony of the Bladder. — In a certain number of cases of hy'XJotonia or atony 
of the bladder, no evidence of a lesion of the central nervous system is xmesent. 
This group, fust described by ThomjtsonAVallcer, is supposed to be due to 
paral3^sis of the peripheral motor innervation. The vesical musculature is en- 
feebled, as tested by a manometer. The bladder is dilated, and the internal 
sphincter is relaxed. 

It is evident that the cystographic appearances in the above Jierve lesions 
are not difierentialty diagnostic, but tend to have features common to all. 
The points to be noted in the c3fstogi'am are ; 

( 1 ) The degree of vesical dilatation. 

( 2 ) Trabeculation : tliis, when visible at all, causes a slight roughness or 
notching of the vesical contour. 
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(3) Paialjsis of tlio internal sphincter, indicated by a funnel-shaped base 
of the bladder. 

(4) Ureteric reflux, and tho degree of hydronephrosis and hydroureter. 

THE PROSTATE 

In the usual indiogram of tho vesical area the prostate lies behind the pubes. 
Tn order to throw its shadow clear of that of the pubic bones the central ray 
should he directed more in the axis of the pelvis — i.e. it should be given a caudal 
inclination of 10 — 15 degrees. The normal prostate cannot be seen m either a 
plain radiogram or a cystogram. 

Enlarged Prostate. — Litravesical enlargement of tiie prostate is well shoi\7j 
in a cystogram in the form of a roiiiuled indentation of the vesical shadow 
at its neck (Fig. 395). 

After Prostatectomy the healing of the prostatic bed can he demonstrated 
by the progressive shrinkage of the initial irre^ilar funnel shape as seen in a 
cystO'Urethrogram (Fjg. 390). 

Carcinoma and Adenoma of the prostate may give signs in a urethrogram of 
tlieir presence by a lengtlienmg and distortion of the prostatic urethraf and by 
their protruding into the base of the vesical lumen. It is not possible to dis- 
tmguisU b6t^\een them radiographically, unless tlierc arc osseous metastases 
present in tlie pelvic and other bones. 

Prostatic Calculi 

(1) pRistAiiv. — These occur in the middle-aged ond tlie elderly. Acconling 
to ForsseU, they liave not been rccortled in snhjeets yoiuiger tlian 47, but they 
are almost always present at autopsy in okl men. In size they vary hetucen 
a liemp seed and a pea. They are usually imiltiple and bilateral, and may ho 
facetted. As many as 130 have been found in a prostate. From six to tnclve 
is a common number to find They arise in the corpora amylacea, niid do not 
cause symptoms jier se. When sjunptoms are present, they are due to an 
associated fibrous prostatitis 

(2) SECOXDv^ny. — Rarely, prostatic calculi reacli the size of a hazel nut. 
These are of urinary origin, develoj) in septic or alkaline urine, and are 
deposited in cavities left by prostatic ultscesses Because of the symptoms 
they produce, they are of considerable practical importance. 

(3) Impacted. — A \esicnl or renal stone impacted in the prostatic urethra 
may be forced into the 2 >rostate 

Differential Diagnosis. — Prostatic calculi have to be distinguished in a 
radiogram from calcification in the prostate, in u luck the opacity tends to bo 
striated in a fan shape from belou upwards. It may form an almost complete 
cast of the jirostate. 

Phlebolitlis. calcified seminal vesicles, and calcification of the cartilage of the 
sjunphysis pubis are other conditions uhich might simulate jirostatic calculi. 
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THE URETHRA 

Urethral stones, stones in fistula), calculi under tlie prepuce, nncl foreign 
bodies are occasional objects to he seen in a plain uretliral radiogram. 

Urethrography forms a valuable means of investigation in certain urethral 
and pro&tatic conditions. It consists in radiography of the urethra after filling 
its lumen with an opaque medium. The technique of Konskim and Cave 
is suitable. 

Lipiodol ha.s been used as a contrast medium, but 12 — 15 per cent, sodium 
iodide is more conveiucnt. It is injected throiigii a uretliral nozzle. Tlie 
spongj- or anterior urethra fills fiiat, and w hen this is filled a sense of resistance 
can bo felt — that of tlie anterior or external sphincter. If it is desired to 
examine tlio anterior urethra only, the end of the penis may he compro«sed mtli 
a clip and the radiograms taken. But il, as is usually' the case, the posterior 
urethra also calls for investigation, the resistance of the external siihinctcr 
must he oveicome hy slight incre.asc in tlie syringe pressure. When this 
sphincter has been o^e^con)e. the posterior urethra fills, but tends to empty 
itself into the bladder. It is essential, therefore, to keep up the pressure of 
the injection throughout the e.xposure, to replace the solution leaking into the 
bladder If this is not done, the mcmbianous and jirostatic portions will 
not be visualised. 

The radiograms should therefoie be taken as quickly as possible, ^o^tero• 
anterior vieus are unsatisfactory, as a portion of tlie urethra is seen end on. 
An oblique view, with tlie right buttock on the film and the tube centred just 
to the left of the syiuplvysis pnbis. shous the urethra throughout the uliole 
extent of its S*ciurve. Alternatively, the patient may be turned 30 degrees on 
to las side, the under thigh fully flexed and abducted, the upper thigh hyper- 
extended The central ray is directed to the root of the penis, which lies along 
the under thigh 

. ^— 7 -— Radiographic Appearance of the Normal Urethra. — 

, The spongy jKirtion sh «a a uniform calibre of about \ 

to \ inch m its distal portion, gradually widening out 
^ into a bulbous dilatation just short of the membianous 

\ uiethra. Here it abruptly narrons to join the mem* 
i^mjjhajj^ branous portion Tlic latter is short (about ^ inch long) 
and narrows to a point as it leaches the deep triangular 
1) ligament to join the prostatic portion. Altliougli the 
Fic. 397 — Diajo-aro of a P^ostatic portion is very distensible, it retains a 
normal c\Bto- urethrogiani straight linear or slightly sjundle-sliajied appearance in 
a urethrogram, because of leakage into the bladder. 
It is 1 — H inches in length. It joins the base of the bladder at right angles, 
and does not normally show any funnel-shaped sviclening (Fig 307). 

Pathological Conditions. — ^Tlie appearances in jirostatic enlargement, pros- 
tatic tumouis, and after prostatectomy have already been indicated. 
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A Steictuee shows as a iiermanent filliiig-in defect in the urethral lumen. 
The upper limit can he sho\\Ti in a radiogram taken while the patient is passing 
per uretliram opaque fluid previously 
introduced into the bladder. 

Ueethkae Fistulas can usually be 
seen clearly. If the sodium iodide leaks 
away too fi'eely, lipiodol may be used 
and/or the sinus fii’st occluded ^vith 
adhesive plaster. 

C.-ui-ccEi AifD Foeeign Bodies are 
usually visible in the spongy portion in 
a plain radiogram. Li the jJosterior 
urethra the opaque injection serves to 
show' their position in that canal. A 
calculus may show' in negative reh'ef, 
and ma 3 ' be outluied bj' the medium 
adhering to it after the injection has 
been passed. 

SEMINAL VESICLE, VAS DEFERENS 
AND EPIDIDYMIS 

The seminal vesicles may be examined 
bj' plain radiography or by vesiculo- 
graphj'. In a xjlain radiogram tuber- 
culous calcification is 's'isible, but is liliely 
to be mi.staken for a similar change in 
the prostate. The same applies to the 
rare eases of calculi in the vesicles. 

The technique of vesiculography and 
vasogi’aphj' have alreadj' been described 
(p. 498), together w'ith its indications. 

It is a method but rarelj' used. Methjdene blue may be injected advantageously 
into the vas before the ox^aque material — ^its arrival in the urethra serves as a 
Xirelimtnary indication of patency (Fig. 398). 

The patenc}' of the tubes of the exfididjunis may be investigated by vasotomy 
followed bj' injection of lipiodol or other oxiaque medium. 
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A 

Abrodil, use of, hi arteriography, 93 
Abscess, perirenal, radioiogical appearances of, 
517 

subphrenic, diagnosis from pyopneumo- 
thorax, 448 

Achondroplasia, ribs in. 115 
Acino-nodoso lesions of lung, 110 
Acinus, pulmonary internal stmeluro of, 109 
Actinomycosis, diagnosis from lung abscess, 251 
from pulmonaiy tuberculosis, 295 
tj-jies of, 273 
Adhesions, pericardial, 70 

Adrenals, calcification of, diagno.sis from kid- 
ney calculus, 548 
tinnours of, 532 

Air passages, foreign bodies in, 177 
upper, examination of, 171 
use of, in eystograjihy, 497 
AlbeiV5-Schonbejg'.s disease, ribs in, IIG 
Alcohol poisoning, heart enlargement, in, 31 
Amyloidosis, miliarj*, diagnosis from miliary 
tuberculosis, 332 

Anajmia. heart enlargement in, 30 
Aiiffi.stbesia for instrumental pyelography, 489 
Aneurysm, aortic, rupture of. into pulmonary 
artery, 85 
type.s of, 09-75' 

arterio-sclerotic, of splenic artery, 93 
arterio-venous, heart enlargement in, 31 
cardiac, enlargement in, 30 
of arch of aorta, diagno.sis from substcmal 
thyroid, 343 

of kidney' parencliyma, 525 
of pulmonary artery, 84 
Angiofibroma of diaphragm, 127 
Angiopneumography, 129, 130 
Angiosarcoma of auricles, 36 
Aorta, abdominal, aneurysms of, 75 

and pulmonary artery, fistula between. 85 
aneurysms of, differential diagnosis of, 70, 
71, 75 

rupture of, into pnlmonarj’’ arteiy, 85 
typos of, 09-75 
arch of, aneurysms of, 71 

diagno-sis from .substernal thyroid. 334 
ascending, aneurysms of, 70 
co-arctation of, 53, 110 
disease, combined with mitral, 47 
dissecting aneurysms of, 75 
dynamic widening of, 64 
noimal. apjioarance of, 63 

j&rst or right oblique view, 64 
postero-anterior view, 63 
second oblique view, 64 
loiucklo of, 03 
root of, aneurysm of, 70 
syphilis of, diagnosis of, 68 


Aorta, thoracic, descending, aneurysms of, 71 
normal, 6 

transposition of, 53 
valve of, bicuspid, 50 

valv'ulnr di.sease of, oblique and postero- 
anterior views. 47 
width of, measurement of, 12 
Aortitis, syphilitic, diagnosis of, OS 
Aperients, use of before urinarj' tract examina- 
tion, 484 

Appendix, concretion.<- in, diagnosis from blad- 
der calculus, 572 
Arteriogi’ajihy, value of, 95 
Arteritis, pulmonary, 271 
Arteiy, coronary, calcification of, 49 
internal iliac, calcification of, 93 
pulmonary, aneurysm of, 84 
and aorta, fistula between, 85 
calcification of. SO 
enlargement of, cau.ses of, 84 
left, course and branches of, 131 
norriinl appearances of, first oblique view, 
83 

postero-anterior view, 83 
second’ oblique view, 83 
right, coume and branches of, 129 
rupture of aortic anoiuysm into, 85 
.splenic, arterio-sclerotic nneiirj-sni of, 93 
.subclavian, .shadow of, 119 
Aebestosis. 203 

radiological features of, 264 
Ascites, heart disidaccment in, 23 
Aspergillosis, 275 

Aspirin, action of, on neuromuscular system of 
kidney, 507 
Assmann’s focus. 299 

differential diagnosis of, 295 
Asthma, enlargement of pulmonarv artei-v in, 
SO ' ' 

Atelectasis, acquired, 202 

acute massive, radiological appearances of, 
205 

jctiology and pathology of, 202 
clinical features of, 204 
complicating tuberculo.sis, 304 
congenital. 202 
duo to foreign bodies, 178 
in bronchial carcinoma, 375 

deep X-ray tlierapy in, 394 
effect of on chest wall, 378 
on diaphragm, 378 
on mediastinum, 379 
radiological appearances of, 377 
in left lower upper lobe, 377 
in lower lobe, 378 
, in middle lobe, 378 
in right upper lobe, 377 
total radiological appearances of, 378 
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Ateleotasia, mteilobar fissures w, 140 
linpar, 208 
causes of, 211 
post operative, 202 
radiological appearances of, 20> 
relative, 415 
Atlieiosclerosia, C4 
Athletes, heart shadow in, 1C 
Atropin, action of, on neuro miisculAr dysfiinc* 
tion of kidney, 607 
Auricle, left, caicifieRtion of, 60 
Auricular fibrillation, 38 
flutter, 3S 

Avitaminosis, heart enlargement in, 30 
Ayerza’s disease, 271 
Azygos lobe, 142 

accessory, development of, 143 
radiological appearance of, 14C 

B 

Banner sign, 130 
Belluii, duets of, 503 
Bladder, 502 
etonv of, 573 

calculus of, stiology of, 500 
tliHenmtial diagnosis of, 370 
invisible, 670 
primary, 660 

radiological appearances of, 570 
eecondary, 560 
varieties of, 669 
cancer of, 064 

diverticula of, developmental, 563 
radiological appearances of, SC4 
secondary, 363 

examination of, routine technique, 480 
fistulie of, 373 
herniation of, 067 

in compression of cord and myelitis, 673 

ui neurological lesions, 572 

m spina bifida occulta, 573 

in tabes dorsalis, 573 

mflammafion of, 567 

leiomyoma of, 567 

normal, radiological appearonces of, 562 
papilloma of, villous, 564 
saccules of. 563 
tumours of, 664 

Blastomycosis, 273 , 

Blood pressuie, high, licart enlargement in, 25 
low, heart enlai^enient La, 27 
Boeck's sarcoid, association of, with miliaiy 
tuberculosis, 332 

Bony tliorax, abnormalities of, heart displace* 
ment due to, 17, 31 
Bradycardia, heart enlaigement in, 38 
Breast, female, shadows cast by, 117 
Bronchi, anatomy of, 148 
diseases of, 180 

left lower lobe, branches of, 155 
of right lung, 140 
tumours of, benign, 104 

Bronchial glands, tuberculosis of, radiologMal 
appearances of, 318 
segments of lung, 155 


Bronchicotasis. acquired, 183 
ngenetie, 1D6 
atelectatic, !85 
congenital. 183 

cylirulcical, appearance following Iipiodol m- 
joction, 103 
cystic. 201 

diagiUMu from abscess, 211 

frorn pulmonary tuberculosis, 293 
■nflsmnuitory , ftetal, 100 
lung alMocMS 1/1, 241 
radiological appearances of, 187 
saccular, iippcarance of, following Iipiodol 
irijcction, 193 
rclangnnrtatioa, l'>6 
treatinent of. by lobectomy, 478 
bvpncumontctomy, 478 
univemahs, 106 

vancOM«, appearance of, following Iipiodol 
U)]c<tion. 194 
BroncliioIcctasH, l')4 
Bronchiolitis. 180 

diagnosis from milinrj tuberculosis, 331 
obliterans, 1«1 
TlronohiiM. acute, 160 
chronic, IS) 
defonnans. 180 
Bronclioliihs. 182 
Broncliomj coses, 271 
fvniseciorHm, 273 

Bronchopneumonia, diagnosis from miliary 
tuberculosis. 332 
mtliary, >3.3 
pathology of. 232 
pscudolobar. 233 
radiological appearances of, 233 
suppurative. 234 

Dronrh>>.spirocha>tonis, diagnosis from tuber- 
culosis, 295 

Bronchostenosis, cay nation in, 390 
Bronchus, cancer of, alelettaais in. 375 
cavitation m, bronchiectatic, 390 
necrotic, 387 

cmlobconchial, radiological appearances 
of. 371 

extension into lung, radiological appear- 
ances of, 373 

hilar glands, involvement in, radiological 
appearances of, 3S1 
signs of. 382 

malignant pleurisy in, 392 
melastases m, 381 
nodular form, coarse of. 384 
primary, radiological ajipearances of, 
370 ‘ 

therapeutic, teats in. 394 
valvular obstruction, 379 
foreign bodies in, 177 
left main. 153 

left upper lobe, branches of, 153 
mucosa of, gummatous uheration of, 271 
obstruction of. tomography of, 107 
right lower lobe, branches of, 152 
n^t lower mam stem, 149 
right roam, 149 
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Bronchus, right middle lobe, branches of, 150 
right upper lobe, branches of, 149 
Billina, foimation of, in pneumothorax, 444 

I 

C 

Calcifications, diagnosis from bladder calculus, 
572 

intracardiac, 47 

Calculus, bladder. .569. See also Bladder, 
calculus of 

kidney, radiograpliic diagnosis of, 543. See 
also Kidney, calculus of ' 
prostatic, 674. See also Prostate, ealculu.s 
of 

ureteral, 552. See also Urefei-s, calculus of 
urethral, 577 
urinary aitiology of, 541 
calcium carbonate, 642. 569 
calcium oxalate, 642, 569 
chemical composition of, 541 
cystin, 542, 569 

density of, 542 , 

indigo, 642, 670 

phosphatic. 542, 569 

situation and number of, 542, 543 

umte, 542 

uric acid. 542. 569 

varieties of, 643, 569 

xanthin, 542, 669 

Cancer, See wider names of oi-gans and 
regions 

Cardiac bronchus, 150 
Cardiovascular shadow, nonnal, 6 
loft border, 6 
postero-anterior view, 6 
light border, 6 
X-i’ay meo-surements of, 11 
sy.stem, examination of, 3 

position of oesophagus in relation to, 9 
Carditis, rheumatic, heai’t enlargement in, 28 
Cartilages, costal, calcified, diagnosi.s from 
Iddnoy caleuhi.s, 546 

Ca.soni’s intradermal test in lung hydatid, 396 
Chest, examination of, distance, time, pene- 
tration and inilliamporage, 104 
full lateral position, 102 
in young children, 103 
lateral and posterior costoplirenic sinuses, 
103 

lateral view of lung apices, 102 
oblique illumination of interlobar fissures, 
103 

oblique position, 102 
parallax observations, 102 
stereoscopic, 105 
tangential view, 103 
tomography, 105 
applications of, 106 
radiological investigation of. 99 

clinical examination in association with, 
100 

technique of, tcebnieal factor.s, 104 
screen examination of, in ambulant cases, 
technique of, 100 


Chest, walls, examination of, 114 

soft tissues of. examination of, 116 
Chololithias-is, diagnosis from kidney calculus, 
545 

Chondroma of intervertebral disc, heart dis- 
placement in, 21 
Cineradiography of heart. 5 
Clavicles, examination of, 114 
Coal-gas poi.soning. heart enlargement in, 31 
Coccidioidal granuloma, 272 
Gantr en sabot, 61 

Colon, lavage of, use of before urinar.v tract 
examination. 484 

Coprolitbs, diagnosis from bladder calculus, 
572 

Cor triloculare, 02 

Coronary plaques, demonstration of, 49 
Cricoid cartilage, calcification of. 172 
Cryptoscope, use of, 99 
Cj’stitis, 567 

tuberculous, 567 
CystograpKy, 562 

in bladder calculus, 570 
in bladder tumoui’s, 604 
in Cystitis, 567 
in diverticula, 664 
in hemiation of bladder. 507 
media used in, 497 
technique of, 4.97 

Cysts, deiTOoid, of inferior modia.stinum heart 
displacement in. 21 
of mediastinum, 353 
intrai-esical ureteral. 559 
laryngeal, 174 
ofkidnoy, 521 
hj’dntid, 523 
of lung, congenital, 194 
hydatid, 395 
of pleura, simple, 430 
tracheobronchial, 353 

D 

Deficiency diseases, heart enlargement in, 30 
Denuoids, diagnosis from bladder calculus, 572 
of diaphragm, 127 
of modia.stinum, 353 
Dextrocardia. 51 

Diabetes associated with fuberculo.sis, 297 
Diaphragm, contour of, anatomical variations 
of, 120 

pathological variations of, 122 
depression of, bilateral and unilateral, 1 23 
ellcct of pleural effusion on, 415 
elevations of, localised, 123 
eventration of. 110814 displacement in, 23 
hernia of, 124 
in pneumonia, 230 
movements in, 123 

bilateral deficiency, 124 
paradoxical, 124 
unilateral diminished, 124 
noritial, examination of, 120 
pathological alterations of position of, heart 
displacement in, 21 
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Diaphragm, position of. liigh, causes of, l£3 
in relation to size and shape of heart, )3, 21 
low, causes of, 123 
pathological variations of, 123 
tumours of, 127 

Diphtheria, heart enlargement in, 24, 23 

Drugs, efiect of, on heart, 16 

use of. before urinarj tract examination, 
485 

Ducts of Bellmi, 503 

Dunham’s fan. 297 

Dysphagia in congestive heart failure, 41 
in mitral stenosis, 40 


E 

Ectasia, alveolar or lobular, 201 
Effusions, parieto.mterlobar, 428 
pleural, 412 

radiological appearances of, 412 
Electric-arc welders, pulmonary changes in, 
266 

Electro cauterj- division of pleural adhesions, 
470 

Emphjsema, acute, 210 
alveolar, 201 
bullous. 201. 317 
chronic, forma of. 212 
compensators*. 214 
causes of, 210 

enlargement of ptihnonarj arter>- in, 86 
essential, chronic, pathology of, 212 

radiological appearances, cheat and 
heart, 213 

diaphragm and lung, 214 
heart displacement in, 33 
heart enlargement in, 34 
m indurative tuberculosis, 289 
in post pneumonic hypenrmia, 91 
interstitial, 217 
mediastinal, 217 

obstructive, duo to foreign bodies, I7g 
perirenal, artificial, Icclimque of, 498 
semle, 214 
subcutaneous, 217 
vesicular, acute, 216 
Empyema in pneumonia, 230 
Interlobar, 422 
Endocarditis, fcetal, 50 
Endocardium, calcification of, 50 
Eiiemata, use of, before urinary tract exanuna 
tion, 484 

CateevliChf, cliagatssa imen ciilculus, 

547 

Epididymis, examination of, 677 
Epipharjnx, adenoid vegetations in, 17l 
foreign bodies in, 171 
tumours of, 171 
Epituberculosis, 280 

radiological appearances of, 320 
Escudero Xemenow sign m lung hv datid, 39g 
Eserine, action of, on neuro muscular system 
ofkidnoy, 607 

Exercise, evcessivo, effect on heart, 16 
Extrapericardial udJicsions, 76 


F 

Fallot's tetralogy, 57 

Fibrin bodies in hvilropneumothorax, 448 
in pneumothorax, 444 
Fibroid phthisis, heart displacement in, 19 
Fibrosis, interlobar fiasuri'M in. 140 
Fijssures. interlobar, depths of, variations m, 
136 

oblir|iie illumination of, 103 
radioli^' of, 138 
acliematic coiuiderotion of, 133 
Fistula betneen pulmonary artery and aorta, 
85 

kidncv, 517> 618 
oesophago tracheal, 176 
penrenal, 517. .618 
urethral. 577 

Fluonyvopy, 99 
of heart, 3 
iecliniquo of, 100 

Foreign bodies causing lung abscess, 241 
m air pBAsnges, 177 

complications of, 177 
noR-epaquo, 177 

in heart, location of position of, 31 
m pharynx and epipliary nx, 171 
in urellira, 577 

Fuso spirochaitBl infretion, 337 


G 

Ganglioneuromata of mrsliastinum, 340 
Chon’s focus, 167 

in chililhood tuberculoau, 313 
Gland, retroperitoneal, calcified, causing 
ureteral obstruction, 8.62 
Gians penis, shadow of. diagnosis from bladder 
calculus, 572 

Granuloma, eoceidioidal, 272 
Gumma of lung. 270 


H 

Ha-matito iron ore workers, lung ibangos in, 
2CR 

Hscmoptvsui in rancer of lung. 366 
Heart and ineiliostinuni, mobihtv of, 17 
block, complete, enlargement m. 38 
dilatation of. 24 A’re oIko Heort, enlarge- 
' ment of 

(fiseases ofi congenital, Jl 

enlaigement of, puimonarv arterv m, 84 
lesions with fiee mixturo of arterial and 
venous Etreama, 56 

legions with no mixture of arterial and 
venous streams, 01 
valvular, 30 
di^Iacement of, 17 

varieties of, due to abnormalities of bony 
thorax. 17 

due to pathological alterations m posi- 
tion of diaphragm, 21 
due to pulmonary diseases, 10 
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Heart, effect of drugs on, 16 
excessive exercise on, 10 
enlargement of, conditions causing, 23 
enlarged pulmonary artery in, 86 
pathological, 24 
IDhysioIogical, 24 
examination of, 3 

first or right oblique view, S 

anterior and posterior contours, 8 
oblique views necessary, 7 
second or left oblique view, anterior and 
posterior contours, 8 
failure, congestive, enlargement in, 38 

enlargement of pulmonary artery in, 86 
fatty infiltration of, 36 

foreign bodies in, location of position of, 
31 

hy25ertrophj' of, 24. See also Heart, enlarge- 
ment of 
idiojjathie, 30 
in children, shape of, 14 
size of, 13 

irr mfarrts, size of, 13 
hmg coefficient, 11 
mitralisation of, 15, 16, 19, 38, 39 
pulsation of, normal, left border, 13 
right border, 13 

rhythm and conduction of, disorders of, 36 
shadows, nonnal, 6 

antero-postcrior diameter of, 11 
broad diameter of, 1 1 
in adult, 14 

average or oblique tjqre, lo 
transverse tj^po, 16 
lateral diagonal diameter of, 1 1 
long or oblique diameter of, 1 1 
measurements of, H 
transverse diameter of, 11 
shape and size of, physiological factors in- 
fluencing, 13 
“ sponge,” 30 
thyrotoxic, 29 

trauma of, enlaigement in, 31 
tumom’S of, enlargement in, 36 
volume of, estimation of, 12 
woimds of, 31 
Sec also Cardiovascular 
Hernia, diaphragmatic, 124 

heart displacement in, 21 
of bladder, 507 
of liver, 126 
of spleen. 12.5 
Hilar flare, 323 

Hilitis in tuberoulous bronchial glands, 818 
Histamine, action of, on neuromuscular system 
ofkidnojq 507 
Hodgkin’s disease, 335 
complications of, 339 
differential diagnosis of, 339 
jiarenohjTnntous involvement of lung in, 
forms of, 337 

radiological appearances of, 336 
Horner's syndromo in pvilmonnry sulcus 
tumour. 393 

Hutchison tjqre of adrenal neoplasm, 532 


Hjnlronephrosis. aetiolog>'_ of, 533 
bilateral, ietiology of, 533 
congenital, 534 
partial, 636 

radiological appearances of, 537 
pathological anatomy of, 534 
pelvic tjqre, patliological anatomy of, 53.5 
radiological appearances of, 537, 539 
radiological appearances of, with instru- 
mental pyclographjq 536 > 

with intravenous urographjq 537 
renal tj'po, pathological anatomy' of, 535 
radiological ajrpiearances of, 536, 539 
tuberculous, 518 

radiological appearances of, 519 
imilateral, ictiology of, 533 
Hydropneiunopericardium, 81 
Hydropneumothorax, retiologj'^ of, 445 
complicating artificial pnnemothorax, 473 
following air replacement, 446 
interlobar, 446 
localised, 443 

Hydrothorax in heart failure. 38 
Hj'perlension, heart enlaigement in, 25 
Hjqierthyroidism, heart enlargement in, 29 
Hj'potension, liearfc enlargement in, 27 

I 

Influenza, epidemic, lung invoK'ement in, 
modes of invasion, 234 
pulmonaqv infections in, diagnoais from jrul- 
raonnry tuberculosis, 293 
Interlobar fissures, 133 

penetration of pleural effusions into, 41.5 
incisurai, 133 

surfaces, curvotme of. 138 
shape of, main fissure, 134 
middle interlobar space, 136 
Interventricular septum, patent, 56 
Intestines, contents of, diagnosis from kidnej' 
calculus, 547 

Intracardiac calcification, 47 
Intrapericnrdial ndliesions, 76 
lodoraj', dosage of, 493 
use of, in pj'eIographj% 489 

K 

Kidneys, abnormalities of, congenital, .510, 514 
developmehtnl, 510 
absence of, congenital, 514 
adenoma of, 526 
angiolipoma of, 526 
angioma of, 526 

atheiomatous vessels of, diagnosis from cal- 
culus, 548 

calcification of, tulicrculous, diagnosis from 
calculus. 548 

calculus of, differential diagnosis of, 545 
radiographic diagnosis of, o43 
intrinsic chiiracteis, 543 
movements of shadow. 544 
shape and texture of opacilj', 544 
site of opaeitjq .543 
cancer of, 530 
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Kulncjs, capsule of, tumours of, 53 J | 

eongcrutal cystic, 521 I 

cjstsof, 521 I 

hydatid, 623 

e!a.'ies of anil radiological appearances, 
521 

secondarj embolic, 525 
flollta^^ , 523 
development of, 510 
iliseaaes of, heart enlargement in, 27 • 
diiplc’C, 515 

associated with complete doiihlo nreter, 
ectopic, 014 

e\amination of, routine technique, 48ft 
fibioma of, ,520 
fibromjomn of, 520 
fistulie of, 517 
floatmg, 510 
fused, 510 
discoid, 613 
thyroid, 513 
unilateral, ,513 
horseshoe, 5l(i 

radiological appearances of, classical, 511 
hj clatids of, 523 
hypernephroma of, 520 
eneroaehment on renal pelvis, 529 
radiological appearances of, ,528 
hyijoplosia of, 516 
innammation of, 518 
lipoma of, 623 
iipomvoma of, 526 

lympliaties of, resorption bj, in urographv, 
504 

movable, 016 

uretcial kinking in, 552 
neoplasms of, 525 
neurotnu*ciilar apjioraius of, 505 
djsfunction of, 500 
action of drugs on, 507 
non rotation of, 515 
parenchjina, aneunsni of, 525 
tumours of, malignant. S26 
simple, 526 
pelvis of, bifid, 601 

capacity of, estimation of, in p> elogrsphv , 
489 

classical, 601 

displacement of, m hypernephroma, 530 
epithelioma of, 532 
fibroma of, 632 
papilloma of, 531 
resorption by. in uiogrnphy, 503 
sarcoma of, 632 
situation of, 501 
tumours of, 531 ' 

mesoblastie, 532 
peristaltic C5cle of. normal, 505 
polj cystic, clinical features of, 621 
radiological appearances of, 522 
ladiology of, pormal appeaiancM, 600 

outline, size, position and motility, 
600 

pelvis and ealjces, 501 


Kidneys, rmg muscles of, djsfiinction of, 
action of drugs on, 507 
situation of, 50 > 

S-shapc<l. 513 
sarcoma of, 531 
sigmoid, 613 
lemtotna of, 530 

tuberculosis of, caseous, 610, 520 
iTuliarv, 518 
patbolog.v of. 518 
ulcero cavernous, 51S 

railiological nppenrimees of, 619 
tumours of. 625 

ciossifiralion of, .520 
Knutsson'a sheath, 117 
Kjmographv of heart. 5 
Kyphosis, iieart displacement in, 19, 31 

L 

Larjngocscic, 174 

I,arvnx. cavitv of, examination of. 172 
exaininiition of, 171 
normal, 171 

tumours of, poh potd, 174 
LAieml examination of unnsr> tract. 4S7 
Lipiodol injection, terliniquc of, direct into 
tntoliea through erifo thjioid mem- 
brane, 191 

nasal catheter method, 191 
transglottic inethoil. 191 
use of. in cj8iogTn]>hv. 407 
in diagnosis of bronchiectasis, 183, 191, 
193 • 

m t]iagno>]s of cmph>semu, 21.3, 217, 216 
in diagnosis of endobronchial tumour, 371 
in diagnosis of lung abscess, 243 
in diagnosis of patency of tubes of epi- 
dulvmis, .577 

in diagnosis of tumours of epipharyns, 
171 

in urethrograph,\ , 57G 
in vesiculography, 407 
pre operative, m bronchiectasis. 479 
Lipoma of diaphragm. 127 
I,iv er. hemia of. 1 2C 

Lobectomy m treatment of congenital lung 
cysts. 201 

radiological appearances follow ing, 478 
Lobus Azygos, 142 
Impar, 142 

Lung, abscess of. causes of, 241 

diagnosis from bronchial caicinoma, 389 

di^nosis from tubert ulosis. 294 

dilleiential diagnosis of. 248 

distribution of, 242 

due to foreign bodies, 179 

fusospirochaital, 248 

localisation of, 242 

nmltiple, 243 

putrid, 248 

pyogenic, 243 

Tadiologicat appearances of, 242 
absence of. congenital, 147 
actinomycosis of, 251, 273 
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Lung, air cyst of. giant, 198 
solitaiy, 197 
alveolar ducts of, 100 

apex of, relation to lower borders of first and 
second rib, 117. 118 
soft tissue sbadow.s at, 117 
apices of, lateral view of, 102 
Assmann’s focus in, differential diagnosis of, 
295 

bade pressure, 208 

base of, horizontal linear shadows at, 208 
cancer of, retiology of, .862 

columnar and spheroidal-eelled, 361 
diagnosis from tuberculosis, 294 
enlargement of pulmonary artei-y in. SC 
heart onlni'gement in, 35 
liilar, radiological appearances of, 300 
ineidonco of, 302 

lobar, radiological appearances of, 360 
lung abscess in, 241 
metastases from, 365 
morbid anatorn 5 ' and hisfologj' of, 362 
origin and spisiad nf, 305 
X^arenelivinatous, radiological appearances 
of, 300 

round-eollod and oat-ccllcd, 364 
squamous, 303 
sjnnptoraatology of, 305 
treatment of, by lobectomy, 478 
by pncumoncctom 3 ', 478 
carcinomatosis of, miliaqv, 408 
carnification of, 237 
cavities of, tomography of, 100 

tuberculous, diagnosis from abscess, 251 
chondroma of, 400 

chronic infections of, enlargement of pul- 
monary artery in, 80 
collapse of, 202. See also Atolectasi.s 
heart displacement in, 21 
in tuberculosis, 304 

consolidation of, in pneumonia, radiological 
appearances of, 222 
cj'sts of, congenital, 183, 194 
artiology, 196 

diagnosis from abscess, 251 
differential diagnosis of, 199 
fluid, 199 
groups of, 201 
multilocular, 198 
j radiological appearances, 197 
typos of, 196 
hydatid, 396 

diseases of, heart displacement in, 19 
heart enlargement in, 34 
drowned, duo to foreign bodies, 178 
dust accumulation in, sites of, 254 
dust diseases of, 252 
examination of, stereoscoiJic, 105 
fibroma of, 400 
fibrqsis of, 237 

duo to mineral oils, 240 
interlobar fissures in, 140 
irradiation, 238 

fields, noi-mal, examination of, left side, 128 
right side, 128 


Lung, fissures of, importance in radiologj-, 
133 

in ateiectasts, 140 
in fibrosis, 1 40 
main, examination of, 138 
middle, examination of, 138 
radiology of, 138 
hiium, .shadow of. 128 
lydatid cj'st of, 395 
vdiagnosis of, 396 
radiological a}ipearnnccs, 398 
‘•'^uqjci’ccmia of. 268 
activ'O, 91 

collateral or flu.xionaty, 91 
in mitral stenosis, 40 
I5as.sive, 86 
infarct of. 268 
septic, 269 
left, bronchi of. 153 
lobe of, middle, 145 
lipoma of, 400 
lobes of, 1 33 
accessory, 141 

posterior, nnatom.v and radiological 
appearances of, 144 
rctrocardiae, 141 
anatomy of, 142 
differential diagnosis of, 142 
radiological appeamnee of, 142 
inferior nccessoiy, 141 
lobule of, uiternal strneture of, 107 
primaiy, 109 

lower lobe, blood supply of, 131 
lymphatics of, 169 
metastases in, blood-bome, 406 
clinical course of, 403 
direct invasion, 401 
extension from hilar gland, 406 
frequenej' of, 402 
gross appearance of, 402 
hicmatogcnous, 402 
invasion bj*- contiguitjy 401 
invasion of pulmonary arteries, 402 
invasion via Ij'mphaties, 401 
multiple nodular, 406 
pathologj^ of, 401 
radiological appearances of, 404 
sjmptoms of, 403 
true', 402 

middle lobe, blood supply of, 129 
mj'coscs of, 271 
np«ynchjma of, 107 

ly^st-operativo massive collapse of, 202, 
See also Atelectasis 
pre-abscess stage of, 243 

radiological appearances of, following 
pneumothorax and surgical procedures, 
467 

right, bronchi of, 149 
earcoma of, primarj', 395 
shadows, hilar, 128 
stasis of, 268 
stones, 182 

surfaces of, projection of incisur.-e on, 
136 
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Lung, syplulis of, 209 

diagnosis fiom tuberculosis, 29.'3 
gummatous type, 270 
mterstitial type, 270 

tissue of, tumour extension in, routes of, 403 
tuberculosis of, 277. See eilso Tubereulosia 
tumours of, cavernous, diagnosia from 

interstitial, method of extension, 403 
infra alveolar, method of extension, 403 
primary, 362 
secondary, 401 

a?tiology of, direct invasion, 401 
dii-ect non metastatic invaaion, 40) 
simple, 400 

upper lobe, blood supply of, 129 
vascular tliseasea of, 26S 
vemsof, 131 
vessels of, 129 

Lymphadenoma, mediastinal, 333 

enlargement of thoracic lymphatics in, 167 
Lymphangiectasia, 190 
LjTnphatic glands, abdominal, calcified, 167 
diagnosis from kidney calculus, 645 
ureteral calculus, Q34 
Lymphatics, bronchial, 161 
bronchopulmonary, 103 
diaphragraatie, 160 
enlargement of, 163 

hilar, enlargement of, appearance of, 166 
intercostal, 160 
mediastinal, ICO, 169 

enlargement of, appearance of, J66 
of lung, 160 
of thorax, ICO 

enlargement of, m lymphadenoma, 167 
m malignant disease, 167 
examination of, 103 
visceral, ICO 

of tiaelieo bronchial tree, IGI 
paratnicheal, 161 
pulmonary, 163 
sternal, 100 
tracheal, 101 

bifurcation group, 163 
Lymphogranulomatoais, 333 
Lymphosarcoma, 347 


JI 

2Ialadie de Hoffer, 50 
Maladie dc WotIUt. 92 
Massive hilar shadow, 163 
Mediastinal glands, metastases m, 406 
Mediastimtis, 3G0 

adhesive, clironic, pericardial adlicsions in, 
76 

radiological appearances of, 361 
Mediastmo interlobar jileunsy, 429 
Mediastinum, anatomy of, 333 
and heart, mobility of, 17 
dermoid ejsts of, 353 

diflerential liiagnosis of, 359 
pathology and chmenl features of, 333 
radiological appearances of, 355 


Mediastinura, effect of pleural elTusion on, 413 
fibroma of, 3.39 
luetnatoma of, 361 
liCTnia of, 17, 442, 469 

inferior, ftproimd cjots of, heart displace- 
ment m, 21 
lipoma of, 339 
lymphatic pathwa>s of, 169 
lymphosarcoma of, forms of, 340 
r^iologicat appearances of, 341 
middle, 333 

movMncnts of, during artificial pneunio- 
tliorax, 469 

poBtenoF clear space of, 333 
radiological examination of, technique of, 
333 

retrosternal npace, 333 
teratoma of, 3 >3 
diffcKTvtial diagnosis of. 350 
pathology and ilinical foatures of, 333 
radiological appearance of, 3.'>S 
tumours of, conditions simulating, 3S9 
prioiar>, 334 
ram, 349 

radiological appearances of, 330 
secondary, 335 

Mitral ood aortic di4en«o combined, 47 
and aortic valves, calcification of, 47 
stenosis, diagnosis of, oblique view, 39 
postoro-antenor view, 39, 43 
enla^emcnt of pulmonary artery in, 86 
passive hvpernMnia of lungs in, 87 
Meniliasis, 376 

Slusclee of chest nail, in relation to chest 
examination, 117 

storno-mastoid, shadow of obscuring apex, 
117 

Myocarditis, heart enlargement in, 28 
Myocardium, calcification of, 50 
Myxcedeina, heart enlargement in, 30 

N 

Nwvi, warty on back, shadow of, diagnosis 
from kidnoy calculus, 548 
Nasopharynx, tumours of, malignant, 171 
Neoekiodan, use of, in urography. 406 
Kephiitis. heart enlargement in, 27 
Neuroblastoma. 333 
Neuroevtoma, 333 

Neurofibroma of intercostal nerves, heart dis- 
placement in, 21 
ofmMiastmiun, 349 
Neurofibromatosis, multiple, 332 
■ NoKipax, use of, in rntravenous urographv. 491 

O 

Obesity, heart enlargement in, 30 
aisophogotracheal fistula, 176 
(Esopliagus, dilatwl, in cardiospasm, simu 
lating mediastinal tumour, 360 
displacement of, in aortic aneurisms, 71 
m CO arctation of aorta, 55, 56 
mllodgkm’s disease, 336 
in mitral stenosis, 39 
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lagiis, position of. in relation to cardio- 
vascular structures, 8 
nineral, lung fibrosis due to. 240 
lorax, radiological appearances of, 
472 

diagi’aphy of heart, 4, 11. 14 
artlu-opathy, pulmonarj-, in cancer of 
lung, 360 

genesis imperfecta, ribs in, 115 


P 

t’s disease, ribs in, 11.5 
in cancer of lung, 306 
reatic calculi, diagnosis from renal, 
545 

lysis, reourrens, in mitral .stenosis, 42 
sto-interlohar effusion.s. 428 
nt ductus arteriosus, 57 
teraurieular defect, 57 
terventi'icular septum, 56 
ent, preparation of, for intravenous 
urop-aphy, 493 

for urinary tract examination, 484 
■iureteral junction, obstruction at, in 
bydroneplurosis. 533 
per tyjje of adrenal neoplasm, 532 
-Abrodil, dosage and rate of excretion of, 
492 

armula of, 492 

ISO of. in intravenous urography, 491 
’ibronchitis. 181 
ricarditis with effusion, 79 
ricardium, adliesions of, 76 
jalcification of, 79 

diverticulum of, simulating mediastinal 
tumour, 359 
effusion of, 79 

differential diagnosis of, 81 
normal, 76 . ; 

tmnours of, 82 

eriphernl ves.sels, calcification of, 93 
examination of, 93, 93 
erirenal tissues, tumours of, 532 
harynx. foreign bodies in, ,171 
hloboliths, diagnosis from bladder calculus, 
570 

prostatic calculi, 574 
ru'eteral calculus, 554 

’hospborus poisoning, heart enlargement in, 
31 

?hrenie avulsion in pleural adhesions, 474 
crush ui pleural adhesions, 474 
paralysis in treatment of plem-al adhc.sions, 
471. 474 

radiological appearanco.s of, 474 
Pick’s disease, 361 

pericardial adhesion.s in, 70 
calcification in. 79 

ritres=in. use of, before tuhiary tract examina- 
tion, 485 

Pituitrin, action of, on neuromuscular system 
of-kidney, 507 
Planigraphy, 105 


Pleura, adhesions of, in artificial pneumo- 
thorax, division of, 470 
treatment of, bj^ phrenic paralysis, 474 
calcification of, 438 
cyst of, simple, 436 
diseases of, inflammatory, 41 1 
effusion of, 412 
curve of^ 412 
reversal of. 414 

effect on mediastinum, ribs, and dia- 
phragm, 415 
of posture on. 415 
tapping on, 415 
encapsulated, 416 
encysted, in the main fissure. 422 
in the middle interlobe, 422 
interlobar, 420 

radiological appearances of, 424 
shape of, 420 
mediastinal, 418 

differential diagnosis of, 420 
parietal, 416 

differential diagnosis of, 4IS 
penetration into interlobar fissures. 415 
radiological appearances of, 412 
serous, interlobar, method of resolution of, 
427 

endothelioma of, 433 

diagnosis and radiological appearances of, 
436 

mesothelioma of, 4,35 
metastases in. 404 
sarcoma of, 435 

thickening of, in hydropneumothorax, 448 
in pneumonia, 230 
in pneumotliorax, 444 

tumours of, diagnosis from neuroblastoma, 
353 

primary, benign, 435 
malignant, 435 
Pleural cap, 300 

Pleurisies, interlobar, minor, forms of, 428 
Pleurisy, diaphragmatic. 41 1 
dry, 411 
lamellar, 411 

malignant, in bronchial carcinoma, 392 
inediastino -interlobar, 318. 429 
differentia! diagnosis of, 434 
parieto-intorlobar, 429 

with effusion, heart di.splaceinent in, 19, 23 
Plombnge, radiological ajipoaranccH of, 476 
Pneumatocele, pulmonary, 201 
Pneumoconiosis, 2.52 

diagnosis from miliarj- tuberculosis, .331 
trades producing, 254 

Pneumonectomy, radiological appearance.? fol- 
lowing, 479 
Pneumonia, alba, 269 
carcinomatoso, 403 
central, 228 
Friodlander, 230 
heart enlargement in, 28 
in childhood, 231 
influenzal, tj-pes of, 234 
interstitial, chronic, 237 
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Pneumonia, lobar, acute, 210 

oonsoUdatioii m, radiological appearances 
of, 222 
couibe of, 226 
m childliood, course of, 231 
origin and spread of, 210 
partial, differential diagnosis of, 226 
radiological appearances in, 223 
pleiiTOgenous, 238 
pneumococcal, course of. 226 

types I, II, III, and I\', radtotogical ap- 
pearances, 227, 228 
pneumococcus m, ti pes of, 21') 
resolution in. 228 
delayed, 230 

mterlobes in relation to, 428 
losoUing, 22S 
sequela? of, 230 
Pneumonitis, 243, 320 
Pneumopathia osteoplasticft laeemosa, 181 
Pneumopericardium, 81 
Pneumopenloneijin, artificial, tn diagnosis of 
lung hy datid, 308 
Pneumothorax, Jcfiology of. 431 
artificial. 430 

radiological appearances of, 407 
mediastinal «no\ements. 469 
pleural adhesions. 470 

at base, localised, diagnosis fiom eubphrenic 
abseess, 44S 
extrapleural, 476 
localised, 303, 443 
mediastinal, 442 
selectite, 471 

epoRtaneous, (etiology of, 439 
bullie, fonnation ut, 444 
clinical features of, 439 
course of, 445 
effects of. 440 

radiological appearances of, 442 
Pohl's lobe, 144, ISi 
Poisomng, heart enlargement m, 31 
Folyscroaitia in chronic adhesiie mediastmitia, 
76 

Post pneumonic lung abscess, 241 
Posture in lelation to urinary tract examina 
tion, 4S5 

Pott’s disease, paraveitebral abscess in, simu- 
lating mediastinal tumour, 369 
Pregnance, heait displacement in, 23 
heart shadoie in, 16, 23 
Prerenal tumours, 632 
Prosiate, 57# 
adenoma of, 674 

calculus of, diagnosis from bladder calculi, 
572 

differential diagnosis of, 574 
impacted, 574 
pnmary, 574 
secondarv, 574 
cancer of, 574 
enlarged, 57# 

Prostatic bed after prostatectomy , 574 
Pulmonan’ atelectasis, 202 See aUo Atelec- 


Pulmonaiy aliadouK, 128 
I stenosis, right s cntriclo in. 57 
I aniona tumour, Kiipenor, 393 
I \eins, 131 
seRbcii, 129 
Sn aUo Lungs 
Fyaemic lung abscess, 241 
Pjekctosis, secondarv, in hvpemephroma. 529 
Pjelifis. 616 
Pyelogrnin, normal, 501 
Fyek^rapln, 488 

in differential diagnosis of kidnei caleulux, 
64 ■> 

in hviiemephroma. 529 
in kidney’ hvdatids, 524 
in |K>I) cystic kidnct, 522 
in tuticrculosis of kidney ,519 
instrumental, in hydroncplirosis, 336 
teclinique of, ann-stliesia, 4S9 
injection of medium. 4S0 
intmvenous, 4W 

nornial eppenrnnees m, 494 
media used in. 488 
, Pyclo uictentiscyitlica. 5IS 
I Pycloienous backflow in tirographs , 504 
Pyonephrosis. 516 
tuberculous, 518 
radiological appearances of. 619 
Pyopneumothorax at base, locahned, 448 


Q 

Qiiinme. action of, on neuromuscular axbtem of 
kidney. S07 

R 

Ranke’s clasoiffcation ofthildhood tuberculosis, 

312 

complex, 167 

Renal eimpathicotonus, radiological appear 
aius?s of. 507 
Set <tlto Kidney 
Ttespiration, collateral, 208 

in (vlation to urinary tract examination, 
485, 486, 487 

Rhabdomyoma of auricles, 36 
Ribs, abnomiobties of, 115 
changes in, in intrathoracic disca--e, 1 10 
companion ahadou a of, 117, IIS 
deformities of, local, 110 
IIS 

effect of pleural effusion on. 415 
enlargement of, nodular, IIC 
erosions of, in aneurysm of aorta 70 
in coarctation of aorta, 53, 116 
localised, 116 
examination of. 115 
expansion of, 11({ 
metastaaes m, 404 

lare&cfHHi of, general or Jocalibed, 115 

roof tiling of, in atelectasis, 378 

tumouiB of, diagnosis from neuroblastoma, 

353 
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Rickets, heart enlargement in, 30 
ribs in, 115 
Roesler’s sign, 

in coarctation of aorta, 70, 110 
S 

Sante’s manojuvro in post-operative massive 
collapse of lung, 204 

Sarcoma. Sec under names of organs and 
regions 

Scapula;, examination of, 114 
Scluillcr-Christian s,\Tidronic, stippling of lung 
fields in. .332 

Sclerosis, interlobar, linear, 428 
Scohosis, enlargement of pulmonarv arterv in, 
SO 

simulating mediastinal tumour, 300 
with convexity to left, heart displacement 
in, 19, 31 

with convexit 5 ^ to right, heart di.splacement 
in, 17, 31 

Scurvy, heai't enlargement in, 30 
Scybala, diagno.sis from bladder calculus, 572 
diagnosis from Iddnoy calculus, 547 
Segments, bronchial, of lung, 155 
Selectan, use of, in intravenous pyelography, 
491 

Seminal vesicles, examination of, 677 
radiology of, 497 
Siderosis, 20^6 
acute, 200 

Silieo-anthraeosis, 257 
Silico-8idcro.sis, 257 

Silicosis, classification of, radiological, 258 
stages of, 258 
incipient stage, 262 
mixed-dust risk in, 202 
pathological stages of, 262 
radiological features of, first stage, 260 
second stage, 261 
third stage, 201 
trades producing, 254 
Simon’s foci, at lung apex, 300 
Sinuses, costophrenic, lateral and posterior, 
examination of, 103 

nasal, examination of, in chest conditions, 
100 

Skiodan, use of, in intravenous urograph\% 491, 
490 

Sluka’s triangle, 318 

Sodium iodide, use of, in urethrography, 576 
Sodium ortho-iodo-hippuraie, use of, in uro- 
graphy, 493 

Spina bifida occulta, bladder in, 573 
Spinal canal, tumours of, hour-glass, 350 
radiological appearances of, 352 
Spine, examination of, in chest radiography, 
1 14 

Spleen, hernia of, 125 
Sporotrichosis, 276 
Stereoscopy of lungs, 105 
of urinary tract, 487 
Sternum, erosions of, 114 
examination of, 114 


Stomach, gas bubble in, no effect on cardiac 
function, 21 
Stratigraphy, 105 

Streptococcal infections, diagnosis from pul- 
monar 3 - tuberculosis, 293 
Streptothrix infeotions, diagnosis from pul- 
monary tuberculosis, 295 
Stroptotrichosis, 274 
Syphilis of hmg, 269 

T 

Tabes dorsalis, bladder in, 573 
Tach.vcardia, paroxysmal, 36 
in cancer of lung, 366 

Taka-diustasc, use of, before urinarj^ tract 
examination, 485 

Tcleradiograplrc of heart, 4. 11, 14 
Tenebr^'l, use of. in arteriofp'apbj-, 95 
Teratomata, diagnosis from bladder calculus, 
572 

Thoraeopliistj', radiological appearances fol- 
lowing, 476 

Thorax, bonj', abnormalities of, lieart displace- 
ment duo 10 , 17, 31 
lateral railiogram of, zones of, 333 
Ijmiphatics of, 160 

Thorotrnst, use of, in arteriogiaphj% 95 
in p.yelogrnphy, 489 

Thrombosis, coronar\-, heart enlargement in, 
24, 28 

Thj'mic stridor, 345 
Thj'moma, malignant, 347 
Thj'mus gland, carcinoma of, 347 
hj'pci'plasia of, 345 
' reliability of X-raj' evidence, 346 
tuinour.s of, primary, 347 

radiological appearance.s of, 349 
Tlwroid cartilage, calcification of, 171 
substernal, 342 

diagnosis from aortic aneury.sm, 71 
diagnosis from neuroblastoma, 353 
diffei’cntial diagnosis of, 343 
heart displacement in, 21 
Thjuotoxicosis, heart enlargement in, 29 
Tomograpbj^ in endobronchial tumour, 371 
in lung abscess, 245 
in studj' of blood suppl.y of lung, 132 
of lung, 105 
of lung cavities, 100 
of nonnal lung, 106 
Torulosis, 274 
Trachea, anatomy of, 174 

bifurcation of, effect of miti'al stenosis on, 
41 

calcification of, 175 
deformities of 175 

displacement of, in aortic anoui-.vsms, 71 
in Hodgkin's disease, 336 
in indurative tuberculosis, 286 
diverticula of, 176 
examination of, 174 
fistula of, 176 
foreign bodies in, 177 
tumours of, 176 
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Traclieotronchval tree, lymphatics of, 161 
Tuberculosis, of lunps, mihary, 324 

acute, radiological appearsncos of, 326 
chrome, radiological appenrarjcea of, 327 
differential diagnosis of, 3.91 
pulmonarj cavitation m, 280 

difTcientlal diagnosis of, 292 
fluid-leveh m, 292 
radiological appearances in, 200 
ring shadouB, 292 
differential diagnosis of, 203 
exudative focal lesions, 279 
fibrotic, 2Si 
“ herdschatfen,” 279 
in adults, 296 

an,d children, differences in, 29tt 
apical, carh , 290 

discrete mottlings, 300 
fan shapeii Jesion, 297 
roihologual nppearames, 297 
rounded focus, 299 
Ruproclavicutar lesion. 300 
associated mth diabetes, 297 
ateloctnsia complicating, 30-1 
extensive, 303 
exudative tjpe, 303 
fibroid, 307 

radiological appearances of, 308 
indurative, 307 
lobar t.vpe, 303 
nodular form, 303 
productive tvpe, 303 
in childhood, 309 

apical infiltration. 323 
Ghon'a focus, 313 
pathologv of, 309 
pTimar>, 300 
clinical forms of, 31S 
radiological appearanica of, 316 
flanko'a cloasificatioa of. 312 
indurative, 2S4 
productiv'e focal lesion, 282 
radiological findings m relation to patho 
logical basis, 279 

treatment of, artificial pneumothorax, 
radiological appearances of, 467 
thoracoplasty, 476 
value of radiology in, 277 
of kidney and ureter, 018 
Tumours, heart displacement m, 21 

intra abdominal, heart displacement m, 
23 

metastatic, 401 
prerennl, 532 

superior pulmonary sulcus, 393 
U 

Ureteroccplo, S50 

containing a calculus, radiological appear* 
nnce of, 559 

not containing a calculus, radiological ap* 
pearance of, 559 
Ureters, 549 

abnormalities of, developmental, 600 


Ureters, calculus of, 552 

di^nosis from bladder calculus, 572 
differential diagnosis of, 534 
impaction of, acute, 558 
intrinsic cliaracfers of, 554 
mvlsible, 558 

radiographic diagnosis of, 555 
calibre of, otO 
cancer of, SCO 
course of, 549 

deformity and displacement of, in hyper* 
nephroma, 530 
tletelopmcnt of, 510 
dilatation of, cystic, 550 
divertKulum of, 500 
double. 501 

completi", aisoomtcd with duplex ludney, 
5.51 

partial or complete, 550 
ectopia of, 551 
kinking of, .540 

from mobile kidney, 552 
hno of, 549 
muxcM of. 505 

nciiromiHcular apparatus of, 505 
olMnution of. >551 
causes of. 552 
in iivdronephrosig. 533 
papilloma of, 560 
stneture of. 552 

transplantation of. pyelographio appear* 
ances in, SCO 
storage of unne m, 561 
tuberculosis of, 518 
tumours of, SCO 
Urethra, cnlcidus of, 577 
fistulic of, 577 
foreign bodiea in, 577 
normal, nidiogra[>liic appearances of, 376 
stricture of, 577 
Urethcographv, 576 

Unnarv calculus, 541 See nho Calculus 
extmvosations. radiologv' of, 498 
tract, examination of. 483 

preparation of patient, 484 
routine technique of. 48G 
Urography, definition of, 483 
in uretenc calculus, 655 
instrumental, 4SS 

in kiclnev calculus, 645 
intravenous, contraindications, 491 
in liydronophrosH, 537 
m kidney calculus, 645 
m tuberculotis cystitis, 587 
in urcteroecele, 659 
indications for end use of, 490 
medium used in, 491 
normal appeatances lu, 494 
technique of, 493 
injection, 493 

immediate sequela?, 493 
preparation of patient, 493 
radiographic, 494 
oral, 496 

pelvic resorption in, 603 


Est:>ex 


591 


[Jrography, pyclovenoiis bacMoiv in, oOi 
subcutaneous, technique of, 496 
droscleetan B., chemistiy of, 491 
dosage of, 491 
excretion of, 492 
pharmacology of, 492 
use of, in arteriography, 95 
cystography, 497 
intravenous urography, 491 
P5’elograph3’', 48!) 
urinnr 3 ' extravasations. 498 
ve3icuIogTaph3’’, 497 

Uterus, libromyoma of, calcified, diagnosis 
from bladder calcHlu=, 572 


V 

Valsalva, smusos of, aneur 3 -.sm of, 70 
Vas deferens, examination of. 577 


Vasograpln", 572 

substances used for, 95 

Vertebra, lumbar, upper, tips of, diagnosis 
from lridno 3 ' calculus, 546 

diagnosis from ureteric calculus. 546, 
554 

Verumontamtis, vesicuIograph 3 * contraindi- 
cated in. 498 
Yesiculograplu’, 497, 577 
tecliniquo of, 498 
Viscera, transposition of, 51 
' Von Pirquot reaction in tuberculous bronchial 
glands, 318 

X 

Xanthomatosis, stippling of lung fields in, 332 
X-rav therapv. deep, in bronchial carcinoma, 
394 

[ of tlremomata, 349 
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